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(57) A passenger detecting system includes an 
antenna electrode (4a to 4f), a signal generating circuit 
(11), a detecting circuit (15), and a control circuit (20). 
The antenna electrode is provided in a seat to be occu- 
pied by a passenger. The signal generating circuit gen- 
erates and supplies a supply signal to the antenna 
electrode through a resistance such that an electric field 
is generated around the antenna electrode. The detect- 
ing circuit has the resistance, and detects a direct cur- 
rent data signal from a line voltage associated with a 
voltage drop by the resistance, wherein the line voltage 
changes depending upon an object on the seat. The 
control circuit determines from the detected direct cur- 
rent data signal, whether or not a passenger is present 
on the seat and whether the passenger is an adult or a 
child. 
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Description 

Background of the Invention 

1. Fielflofthe Invention 

[0001] The present invention relates to a passenger 
detecting system and an air bag apparatus. More partic- 
ularly, the present invention relates to the technique for 
detecting the existence or non-existence of a passenger 
on a seat of an automobile and for controlling the expan- 
sion of an air bag of an air bag apparatus. 

& Pescriptipn of the Related Art 

[0002] Generally, an air bag apparatus is an apparatus 
to ease the impact which a driver and passengers 
receive upon collision of an automobile. The air bag 
apparatus has been necessary for the safety of the 
automobile. Recently, the air bag apparatus is installed 
in a passenger seat in addition to a driving seat. 
[0003] For example, as shown in Fig. 1 A, a first con- 
ventional air bag apparatus is composed of a driving 
seat side squib circuit, a passenger seat side squib cir- 
cuit, an electronic acceleration sensor QS as a collision 
detecting sensor, and a control circuit CC. The driving 
seat side squib circuit includes a series circuit of a sat- 
ing sensor SS1, a squib SQ1, and a switching element 
SW1 such as an electric field effect type transistor. The 
passenger seat side squib circuit includes a series cir- 
cuit of a sating sensor SS2, a squib SQ2, and a switch- 
ing element SW2 such as an electric field effect type 
transistor. The control circuit CC has a function to detect 
collision of an automobile in accordance with the output 
signal of the electronic acceleration sensor GS and to 
supply a signal to the gates of the switching elements 
SW1 and SW2. 

[0004] According to the first conventional air bag 
apparatus, when the automobile collides because of 
some causes, the switch contacts of the saf ing sensors 
SS1 and SS2 are closed in response to the relatively 
small acceleration. Then, the squib circuits on the driv- 
ing seat side and the passenger seat side are set to 
their operable states. When the control circuit CC relia- 
bly determines the collision of the automobile in accord- 
ance with the signal from the electronic acceleration 
sensor GS, squib control signals are supplied to the 
gates of the switching elements SW1 and SW2 to set to 
the ON state. By this, a current flows through each 
squib circuit. As a result, the squib circuits SQ1 and 
SQ2 are heated and the air bags on the driving seat 
side and the passenger seat side are developed, so that 
the driver and passenger are protected from the impact 
upon the collision. 

[0005] By the way, in the first conventional air bag 
apparatus, the air bag is expanded out upon the colli- 
sion of the automobile irrespective of the existence or 
non-existence of the passenger on the passenger seat. 



For example, when the passenger of an adult is present 
on the passenger seat, the protection effect of the pas- 
senger can be expected on the collision as mentioned 
above. However, when the passenger is a child, the sit- 

s ting height is lower in the child than the adult so that the 
head position of the child is low than in the adult. There- 
fore, the influence of the expansion of the air bag to the 
child is worried about. Thus, when the passenger is the 
child, it is sometimes desirable that the air bag is not 

10 expanded even if the automobile collides. 

[0006] Therefore, a second conventional air bag appa- 
ratus as shown in Fig. 1 B is proposed to cope with such 
a problem, for example. In the air bag apparatus, a sen- 
sor SD is further provided to detect whether or not a 

is passenger is present on a passenger seat The control 
circuit CC determines the existence or non-existence of 
the passenger on the passenger seat in accordance 
with a detection signal of the sensor SD, and selectively 
sets the air bag to either of the expansion allowable 

20 state or the expansion inhibited state in accordance with 
the determining result 

[0007] Especially, a passenger detecting system 
using a weight sensor as the sensor SD is proposed in 
which the determination of whether the passenger is an 

25 adult or a child is performed in accordance with the 
weight of the passenger which is measured by the 
weight sensor. Also, a passenger detecting system is 
proposed in which the passenger on the passenger seat 
is picked up by a camera and the determination of 

30 whether the passenger is the adult or the child is per- 
formed through image processing. 
[0008] According to the former system, the rough 
determination of whether the passenger is the adult or 
the child is possible. The air bag is set to either of the 

35 expansion allowable state or the expansion inhibited 
state in accordance with the determination result. Thus, 
the unexpected situation in the collision of the automo- 
bile can be avoided. However, there is a problem in lack 
of accuracy, because the difference between individuals 

40 in weight is large and a child can be sometimes heavier 
in weight than an adult. 

[0009] Also, according to the latter system, the deter- 
mination of the existence or non-existence of the pas- 
senger on the seat, and the determination of whether 

45 the passenger is the adult or the child can be quite cor- 
rectly performed. However, there is a problem that a 
processor becomes complicated and expensive, 
because an imaging data picked up by the camera 
needs to be subjected to a kind of image processing 

so and a comparing process with various image patterns. 
[0010] In conjunction with the above, as the passen- 
ger detecting system to detect the existence or non- 
existence of the passenger on the passenger seat are 
proposed various systems. In Japanese Laid Open Pat- 

55 ent Application (JP-A-Heisei 4-46843), Japanese Laid 
Open Utility Model Application (JP-U-Heisei 3-52266), 
Japanese Laid Open Patent Application (JP-A-Showa 
61-113527), a passenger detecting system in which a 
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weight sensor is incorporated inside the seat is dis- 
closed. Also, in Japanese Laid Open Patent Application 
(JP-A-Heisei 9-509118), a passenger detecting system 
in which electrodes are arranged in a seat section and a 
back supporting section of a seat and an oscillation cir- 
cuit is connected between the electrodes or between 
the electrode and the chassis of a vehicle. 

Summary of the Invention 

[001 1 ] Therefore, an object of the present invention is 
to provide a passenger detecting system in which the 
existence or non-existence of a passenger on a seat 
can be accurately detected irrespective of an ambient 
temperature. 

[0012] Another object of the present invention is to 
provide a passenger detecting system in which the 
existence or non-existence of a passenger on a passen- 
ger seat can be accurately detected without influence 
by the attitude of the passenger. 
[0013] Still another object of the present invention is 
to provide an air bag apparatus which includes the pas- 
senger detecting system and an air bag can be control- 
led in accordance with the detecting result. 
[0014] In order to achieve an aspect of the present 
invention, a passenger detecting system includes an 
antenna electrode, a signal generating circuit, a detect- 
ing circuit, and a control circuit. The antenna electrode 
is provided in a seat to be occupied by a passenger. The 
signal generating circuit generates and supplies a sup- 
ply signal to the antenna electrode through a resistance 
such that an electric field is generated around the 
antenna electrode. The detecting circuit has the resist- 
ance, and detects a direct current data signal from a line 
voltage associated with a voltage drop by the resist- 
ance, wherein the line voltage changes depending upon 
an object on the seat. The control circuit determines 
from the detected direct current data signal, whether or 
not a passenger is present on the seat and whether the 
passenger is an adult or a child. 
[0015] The passenger detecting system may further 
includes an amplitude control circuit detecting an ampli- 
tude of the supply signal and adjusting the amplitude to 
a predetermined value based on the detected ampli- 
tude. The supply signal may be an alternate current sig- 
nal having a frequency of about 120 KHz and a voltage 
in a range of 5 to 12 V. 

[001 6] The detecting circuit may include a converter 
converting the line voltage of alternate current into a 
direct current signal. In this case, the detecting circuit 
further includes an impedance converting circuit pro- 
vided between the resistor and the converter and hav- 
ing a high impedance on an input side and a low 
impedance on an output side. 

[001 7] The detecting circuit may include a rectifier rec- 
tifying the line voltage of alternate current into a direct 
current signal in full wave, and a smoothing circuit pro- 
ducing the direct current data signal from the direct cur- 



rent signal. 

[0018] Also, the detecting circuit may include a recti- 
fier rectifying the line voltage of alternate current into a 
direct current signal in half wave, and a smoothing cir- 

5 cuit producing the direct current data signal from the 
direct current signal. In this case, the rectifier includes 
an operation amplifier having an inversion terminal con- 
nected to a predetermined voltage and a non-inversion 
terminal connected to the line voltage. 

10 [0019] The passenger detecting system may further 
include a buffer circuit provided between the resistance 
and the antenna electrode and having a high imped- 
ance on an input side and a low impedance on an out- 
put side. 

is [0020] When the signal generating circuit supplies the 
direct current supply signal, the detecting circuit may 
include a switching element connected between the 
resistance and a ground level and switching between an 
on state and an off state in response to a control signal 

20 from the control signal such that a pulse signal is sup- 
plied to the antenna electrode. 
[0021] The passenger detecting system may further 
include a plurality of the antenna electrodes; and a 
switching circuit provided between the resistance and 

25 the plurality of antenna electrodes, and selectively sup- 
plying the supply signal to one of the plurality of antenna 
electrodes in response to a switching control signal from 
the control circuit. 

[0022] Instead, the passenger detecting system may 
30 further include a plurality of the antenna electrodes, a 
plurality of circuit sets respectively provided for the plu- 
rality of antenna electrodes, each of the circuit sets 
including the signal generating circuit and the detecting 
circuit, and a switching circuit provided between the 
35 control circuit and the plurality of circuit sets, and selec- 
tively supplying the control signal to one of the plurality 
of circuit sets in response to a switching control signal 
from the control circuit. 
[0023] The control circuit may: 

40 

produces signal data from the detected direct cur- 
rent data signals corresponding to the plurality of 
antenna electrodes, 

calculates a summation of the signal data, and 
45 determined based on the summation of the signal 
data, whether or not the passenger is present on 
the seat. 

[0024] Instead, the control circuit may produces signal 
so data from the detected direct current data signals corre- 
sponding to the plurality of antenna electrodes, calcu- 
lates a summation of the signal data, determines based 
on the summation of the signal data, whether or not the 
passenger is present on the seat, normalizes each of 
55 the signal data based on a maximum one of the signal 
data, calculates a summation of the normalized signal 
data, and determines based on the summation of the 
normalized signal data, whether the passenger is the 
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adult or the child. In this case, the control circuit further 
calculates a gravity of the normalized signal data, and 
determines based on the summation of the normalized 
signal data and the calculated gravity, whether the pas- 
senger is the adult or the child. s 
[0025] In order to achieve another aspect of the 
present invention, an air bag apparatus includes a pas- 
senger detecting system and an air bag control system. 
The passenger detecting system includes an antenna 
electrode, a signal generating circuit, a detecting circuit 10 
and a control circuit. The antenna electrode is provided 
in a seat to be occupied by a passenger. The signal 
generating circuit generates and supplies a supply sig- 
nal to the antenna electrode through a resistance such 
that an electric field is generated around the antenna 15 
electrode. The detecting circuit has the resistance, and 
detects a direct current data signal from a line voltage 
associated with a voltage drop by the resistance, 
wherein the line voltage changes depending upon an 
object on the seat. The control circuit determines from 20 
the detected direct current data signal, whether or not a 
passenger is present on the seat and whether the pas- 
senger is an adult or a child. The air bag control system 
is connected to the control circuit and sets an air bag to 
either of an expansion allowed state and an expansion 25 
inhibited state based on the determination result by the 
control circuit. 

[0026] The air bag apparatus may further include an 
amplitude control circuit detecting an amplitude of the 
supply signal and adjusting the amplitude to a predeter- 30 
mined value based on the detected amplitude. Also, the 
supply signal may be an alternate current signal having 
a frequency of about 120 KHz and a voltage in a range 
of 5 to 12 V. 

[0027] The detecting circuit may includes a converter 35 
converting the line voltage of alternate current into a 
direct current signal. The detecting circuit may further 
include an impedance converting circuit provided 
between the resistor and the converter and having a 
high impedance on an input side and a low impedance 40 
on an output side. Further, the detecting circuit may 
include a rectifier rectifying the line voltage of alternate 
current into a direct current signal in full wave, and a 
smoothing circuit producing the direct current data sig- 
nal from the direct current signal. Instead, the detecting 45 
circuit may include a rectifier rectifying the line voltage 
of alternate current into a direct current signal in half 
wave, and a smoothing circuit producing the direct cur- 
rent data signal from the direct current signal. In this 
case, the rectifier includes an operation amplifier having so 
an inversion terminal connected to a predetermined 
voltage and a non-inversion terminal connected to the 
line voltage. 

[0028] The air bag apparatus may further include a 
buffer circuit provided between the resistance and the ss 
antenna electrode and having a high impedance on an 
input side and a low impedance on an output side. 
[0029] When the signal generating circuit supplies the 



supply signal of a direct current, the detecting circuit 
includes a switching element connected between the 
resistance and a ground level and switching between an 
on state and an off state in response to a control signal 
from the control signal such that a pulse signal is sup- 
plied to the antenna electrode. 
[0030] The air bag apparatus may further include a 
plurality of the antenna electrodes, and a switching cir- 
cuit provided between the resistance and the plurality of 
antenna electrodes, and selectively supplying the sup- 
ply signal to one of the plurality of antenna electrodes in 
response to a switching control signal from the control 
circuit. 

[0031] Instead, the air bag apparatus may further 
include a plurality of the antenna electrodes, a plurality 
of circuit sets respectively provided for the plurality of 
antenna electrodes, each of the circuit sets including 
the signal generating circuit and the detecting circuit, 
and a switching circuit provided between the control cir- 
cuit and the plurality of circuit sets, and selectively sup- 
plying the control signal to one of the plurality of circuit 
sets in response to a switching control signal from the 
control circuit In this case, the control circuit produces 
signal data from the detected direct current data signals 
corresponding to the plurality of antenna electrodes, 
calculates a summation of the signal data, and deter- 
mined based on the summation of the signal data, 
whether or not the passenger is present on the seat. 
[0032] Instead, the control circuit produces signal data 
from the detected direct current data signals corre- 
sponding to the plurality of antenna electrodes, calcu- 
lates a summation of the signal data, determines based 
on the summation of the signal data, whether or not the 
passenger is present on the seat, normalizes each of 
the signal data based on a maximum one of the signal 
data, calculates a summation of the normalized signal 
data, and determines based on the summation of the 
normalized signal data, whether the passenger is the 
adult or the child. In this case, the control circuit may fur- 
ther calculate a gravity of the normalized signal data, 
and determines based on the summation of the normal- 
ized signal data and the calculated gravity, whether the 
passenger is the adult or the child. 

Brief Description of the Drawings 

[0033] 

Fig. 1 A is a circuit block diagram of a first conven- 
tional air bag apparatus; 

Fig. 1B is a circuit block diagram of a second con- 
ventional air bag apparatus; 
Fig. 2A is a diagram illustrating an electric field dis- 
tribution around an antenna electrode; 
Fig. 2B is a diagram illustrating the electric field dis- 
tribution when an object exists in the neighborhood 
of the antenna electrode; 

Fig. 3A is a side view of a seat illustrating the 
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arrangement of antenna electrodes; 
Fig. 3B is a front view of the seat; 
Fig. 4A is a plan view of an antenna electrode sec- 
tion; 

Fig. 4B is a cross sectional side view of the antenna 5 
electrode section; 

Fig. 5 is a circuit block diagram of a passenger 
detecting system according to a first embodiment of 
the present invention; 

Fig. 6 is a circuit block diagram of an air bag control 10 

system of an air bag apparatus according to the first 

embodiment of the present invention; 

Fig. 7A is a state when a child is present on the 

seat; 

Fig. 7B is a signal data pattern relating to current is 
flowing through each antenna electrode in the state 
shown in Fig. 7A; 

Fig. 7C is a diagram illustrating a distribution pat- 
tern of normalized data; 

Fig. 7D is a diagram illustrating a modification of the 20 

distribution pattern of normalized data; 

Fig. 8A is a state when an adult is present on the 

seat; 

Fig. 8B is a signal data pattern relating to current 
flowing through each antenna electrode in the state 25 
shown in Fig. 8A; 

Fig. 8C is a diagram illustrating a distribution pat- 
tern of normalized data; 

Fig. 9 is a flow chart of a passenger detecting proc- 
ess in the passenger detecting system according to 30 
the first embodiment of the present invention; 
Fig. 10 is a flow chart of an initial diagnosing proc- 
ess of the passenger detecting process shown in 
Fig. 9; 

Fig. 1 1 is a flow chart of a signal receiving process 35 
of the passenger detecting process shown in Fig. 9; 
Fig. 12 is a flow chart of the passenger judging 
process of the passenger detecting process shown 
in Fig. 9; 

Fig. 13 is a flow chart of an SRS communication 40 
process of the passenger detecting process shown 
in Rg. 9; 

Fig. 14 is a circuit block diagram illustrating a sec- 
ond embodiment of the passenger detecting sys- 
tem according to the present invention; 45 
Fig. 15A is a side view of an antenna electrode sec- 
tion in a third embodiment of the present invention; 
Fig. 15B is a plan view of an antenna electrode sec- 
tion in the third embodiment of the present inven- 
tion; 50 
Fig. 1 6 is a block diagram illustrating the passenger 
detecting system according to the third embodi- 
ment of the present invention; 
Figs. 17A and 17B are diagrams illustrating the 
states of the passenger of an adult on the seat and 55 
of the passenger of a child; 
Fig. 18 is a circuit diagram illustrating a current 
detecting section of the passenger detecting sys- 



tem according to the third embodiment of the 
present invention; 

Figs. 19A to 19C are waveform diagrams of a line 
voltage, the output voltage of a full wave rectifying 
circuit, and the output voltage of a smoothing cir- 
cuit; 

Rg. 20 is a circuit diagram illustrating an interface 
circuit of the passenger detecting system according 
to the second embodiment of the present invention; 
Rgs. 21 A to 21 D are timing charts illustrating a gate 
signal outputted from the control circuit, a high fre- 
quency low voltage signal at the time of the empty 
state and preset state on the seat, and a direct cur- 
rent output of an AC-DC converting circuit; 
Rg. 22 is a circuit diagram showing the passenger 
detecting system according to the fourth embodi- 
ment of the present invention; 
Rgs. 23A to 23C are waveform diagrams of a line 
voltage, the output voltage of a half wave rectifying 
circuit, and the output voltage of a smoothing cir- 
cuit; 

Rg. 24 is a circuit block diagram illustrating the pas- 
senger detecting system according to a fifth 
embodiment of the present invention; and 
Fig. 25 is a circuit diagram showing the passenger 
detecting system according to sixth embodiment of 
the present invention. 

Description of the Preferred Embodiments 

[0034] Next, an air bag apparatus with a passenger 
detecting system of the present invention will be 
described below in detail with reference to the attached 
drawings. It should be noted that there is filed a copend- 
ing US patent application No. , 

by Takashi SAITO, Kenji KUMAGAI. Kazunori JINNO. 
Satoshi BABA, Masahiro OFUJI, Tsutomu FUKUI, 
Nobuhiro KOYOTA, Takashi INOU, Kazutomo ISONAGA 
and Makoto NAGAI (NEC CORPORATION AND 
HONDA GIKEN KOGYO KABUSIKI KAISYA), entitled 
"PASSENGER DETECTING SYSTEM AND AIR BAG 
SYSTEM USING THE SAME", and in accordance with 
Japanese patent applications No. 197669/1998, 
197670/1998, 197671/1998 and 245893/1998. Satoshi 
BABA is one of the inventors of this patent application. 
The disclosure of the above copending US patent appli- 
cation is incorporated herein by reference. 
[0035] Figs. 2A and 2B are diagrams illustrating the 
principle of the present invention. Referring to Figs. 2A 
and 2B, the principle of the present invention will be 
described. 

[0036] A passenger detecting system basically utilizes 
the distortion of a weak electric field which is generated 
around an antenna electrode which is arranged in a 
seat. As shown in Rg. 2A, when a high frequency low 
voltage signal is applied from an oscillating circuit OSC 
to the antenna electrode E, the weak electric field is 
generated around the antenna electrode E. As a result, 
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a displacement current I flows through the antenna 
electrode E. In this state, as shown in Fig. 2B, when an 
object OB approaches the neighborhood of the antenna 
electrode E, the electric field is distorted so that a dis- 
placement current 11 flows through the antenna elec- 
trode E. The displacement current 11 is different from 
the current I. 

[0037] In this manner, the displacement current which 
flows through the antenna electrode E changes 
depending upon the existence or non-existence of the 
object OB on the seat. By using this phenomenon, the 
existence or non-existence of a passenger on the seat 
can be detected. Also, whether the passenger on the 
seat is an adult or a child can be detected. Especially, if 
the number of antenna electrodes is increased, it is pos- 
sible to obtain a lot of data of the object or passenger on 
the seat, so that the existence or non-existence of the 
passenger on the seat can be more accurately 
detected. 

[0038] Next, the air bag apparatus with the passenger 
detecting system according to the first embodiment of 
the present invention which uses this principle will be 
described with reference to Figs. 3A and 3B, Figs. 4A 
and 4B, Fig. 5 and Fig. 6. 

[0039] Figs. 3A and 3B show a passenger seat (or a 
driver seat) according to the present invention. The seat 
1 is mainly composed of a seat section la and a back 
supporting section 1b. For example, the seat section 1a 
is composed of a base 2 slidable in front and back direc- 
tions, a seat frame 3 fixed on the base 2, a cushion 
material arranged on the seat frame 3 and an exterior 
material covering the cushion material. The back sup- 
porting section 1b is composed of a cushion material 
arranged on the front side of the seat frame and an exte- 
rior material covering the cushion material. 
[0040] As shown in Figs. 3B, 4A and 4B, an antenna 
electrode section 4 is arranged in the back supporting 
section 1b. The antenna electrode section 4 is com- 
posed of a plurality of band-shaped antenna electrodes 
4a to 4f and a base member 5. That is. the plurality of 
band-shaped antenna electrodes 4a to 4f are arranged 
to extend on the base member 5 in a horizontal width 
direction of the back supporting section 1 b apart from 
each other in a vertical direction. It should be noted that 
the antenna electrode section 4 may be provided inside 
the exterior material or outside the exterior material. 
Also, the antenna electrode section 4 may be incorpo- 
rated in the exterior material. Also, a control unit 10 to 
be described later is arranged on the seat frame 3 or in 
the neighborhood of the seat frame 3. as shown in Fig. 
3A. 

[0041] In this embodiment, the plurality of antenna 
electrodes 4a to 4f are composed of conductive clothe. 
However, the antenna electrodes 4a to 4f may be woven 
in a seat cloth of the back supporting section 1b as a 
thread metal, or may be fabricated by coating a conduc- 
tive paint or by arranging metal plates. 
[0042] As shown in Fig. 4A, the antenna electrodes 




have a band shape with an identical size and are 
arranged on one of the surfaces of the base member 5 
which is composed of an insulating member. The 
antenna electrode section 4 is arranged inside the exte- 

5 rior material. Lead fines 6 (6a to 6f) are independently 
connected to the antenna electrodes 4a to 4f, respec- 
tively. The lead lines 6 are connected with connectors or 
terminals 19 (19a to 19f) of the control unit 10. 
[0043] As shown in Fig. 5, the control unit 10 is com- 

10 posed of an interface circuit A. the connectors 19 (19a 
to 1 9f), a control circuit 20 and a power supply circuit 22. 
The control circuit 20 is composed of a CPU and an 
external memory. A connector 21 is arranged in the 
housing of the control unit 10, and connected to a bat- 

15 tery power source (not shown). The power supply circuit 
22 is connected to the connector 21 and supplies a suit- 
able Vcc power supply required by the interface circuit A 
and the control circuit 20. An air bag control system 30 
having the structure shown in Fig. 6 is connected to the 

20 control circuit 20 of the control unit 10. Thus, an air bag 
apparatus of the present invention is fabricated. 
[0044] In the control unit 10, the interface circuit A is 
composed of an oscillating circuit 1 1 , an amplitude con- 
trol circuit 12, a current detecting circuit 15, and a 

25 switching circuit 18 having a plurality of switches 18a to 
18f. 

[0045] The oscillating circuit 1 1 generates a high fre- 
quency low voltage signal by which an electric field is 
generated around the antenna electrodes 4a to 4f. The 

30 high frequency low voltage signal has the amplitude of 
about 5 to 12 V and the frequency of about 120 KHz. 
The amplitude control circuit 12 controls the voltage 
amplitude of the high frequency low voltage signal out- 
putted from the oscillating circuit 11 to have a substan- 

35 tially constant value. 

[0046] In the interface circuit A, the amplitude control 
circuit 12 is composed of an amplitude adjusting circuit 
13 which variably changes the voltage amplitude of the 
high frequency low voltage signal, and an amplitude 

40 detecting circuit 1 4 which detects the voltage amplitude 
of the high frequency low voltage signal. 
[0047] For example, the amplitude adjusting circuit 1 3 
is composed of an amplitude variable section 13a com- 
posed of a programmable gain amplifier (PGA) and 

45 operating in response to an amplitude control signal. 
Also, the amplitude detecting circuit 14 is composed of 
a detecting section 14a, an AC-DC converting circuit 
14b and an amplifier 14c. The detecting section 14a is 
composed of an operational amplifier to detect the volt- 

50 age amplitude. The AC-DC converting circuit 14b con- 
verts an output signal of the detecting section 1 4a into a 
direct current (DC) signal. The amplifier 14c amplifies 
an output signal of the AC-DC converting circuit 14b to 
output to the control circuit 20 as an amplitude detection 

55 signal. It should be noted that an amplitude control sig- 
nal is outputted from the control circuit 20 to the ampli- 
tude change section 13a. 

[0048] The current detecting circuit 1 5 is composed of 
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a resistance 115 as an impedance element, a detecting 
circuit 15a including an amplifier 15b. an AC-DC con- 
verting circuit 16 and an amplifier 17. The resistance 
1 15 is connected with the amplitude control circuit 12 in 
series. Also, the output side of the resistance 15a of the 
current detecting circuit 15 is connected with the con- 
nectors 1 9a to 1 9f through the switches 1 8a to 1 8f of the 
switching circuit 18. The amplifier 15b of the detecting 
circuit 15a is a differential amplifier which amplifies a 
voltage between terminals of the resistance 15a to 
detects a current of the high frequency low voltage sig- 
nal to output a detection signal. The AC-DC converting 
circuit 16 converts the detection signal from the detect- 
ing circuit 15a into a direct current signal. The amplifier 
17 amplifies the direct current signal supplied from the 
AC-DC converting circuit 16 to output to the control cir- 
cuit 20 as a current detection signal. The switching cir- 
cuit 18 for the antenna electrodes 4a to 4f is connected 
between the current detecting circuit 15 on the one side 
and the connectors 19a to 19f on the other side, and 
has a plurality of switches 18 (18a to 18f). It should be 
noted that the selective switching between the switches 
18a to 18f of the switching circuit 18 is performed in 
accordance with a switching control signal from the con- 
trol circuit 20. 

[0049] The passenger detecting system formed in this 
way operates as follows. 

[0050] First, when the high frequency low voltage sig- 
nal is transmitted from the oscillating circuit 11 , the volt- 
age amplitude of the high frequency low voltage signal 
is detected by the detecting section 14a of the ampli- 
tude detecting circuit 14. A detection signal from the 
detecting section 14a is converted into the direct current 
signal by the AC-DC converting circuit 14b, and is 
amplified by the amplifier 1 4c and then is supplied to the 
control circuit 20 as the amplitude detection signal. The 
control circuit 20 determines whether or not the 
detected voltage amplitude is set to the predetermined 
amplitude value. Then, the control circuit 20 outputs the 
amplitude control signal to the amplitude changing sec- 
tion 13a such that the voltage amplitude is corrected or 
adjusted to the predetermined amplitude value. By this, 
the amplitude value of the high frequency low voltage 
signal is corrected to the predetermined amplitude 
value. Thereafter, through the cooperation operation of 
amplitude variable circuit 13 and the amplitude detect- 
ing circuit 14, the amplitude value of the high frequency 
low voltage signal is controlled to the constant ampli- 
tude value. 

[0051] The high frequency low voltage signal having 
the predetermined amplitude value is supplied to the 
antenna electrodes 4a to 4f through the current detect- 
ing circuit 15, the switching circuit 18, and the connec- 
tors 19a to 19f. As a result, the weak electric field is 
generated around the antenna electrode. At this time, 
the switches 18a to 18f of the switching circuit 18 per- 
forms the control of the opening and closing operation in 
response to a switching control signal from the control 
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circuit 20. 

[0052] More specifically, first, only the switch 18a is 
closed, and next only the switch 18b is closed. In this 
manner, a specific one of the switches 18a to 180 » s 

5 closed. At the same time, the switching control is per- 
formed such that the remaining switches other than the 
closed switch are opened. Therefore, when a specific 
one of the switches 18a to 18f is closed, the high fre- 
quency low voltage signal is supplied to one of the 

10 antenna electrodes 4a to 4f corresponding to the spe- 
cific switch. As a result, the weak electric field is gener- 
ated around the corresponding one of the antenna 
electrodes 4a to 4f, and the current flows with a level 
determined in accordance with the situation of the pas- 

15 senger on the passenger seat 1 . That is. the current 
flows in accordance with a contact area with body por- 
tions of the passenger such as the back, the shoulder, 
the neck, and the head. This current is detected by the 
current detecting circuit 15, is converted into the direct 

20 current signal by the AC-DC converting circuit 1 6. and is 
amplified by the amplifier 17 and then is supplied to the 
control circuit 20 as signal data one after another. 
[0053] The control circuit 20 is composed of a storage 
section, a memory section, a calculating section and a 

25 determining section. The storage section stores the sig- 
nal data outputted from the interface circuit A. The cal- 
culating section adds the signal data from the current 
detecting circuit 15. Also, the calculating section per- 
forms a normalizing process to the signal data in 

30 accordance with a maximum one of the signal data, and 
a summing process and a gravity calculating process. 
Threshold values are previously stored in the memory 
section. Especially, in the memory section are previ- 
ously stored a the threshold value THe used to deter- 

35 mine whether or not the passenger seat is empty, and 
first and second threshold values TH1 and TH2 used to 
determine whether the passenger is an adult or a child, 
at least. The determining section compares the calcu- 
lated data from the calculating section and the threshold 

40 values read out from the memory section to determine 
whether the passenger is an adult or a child. 
[0054] The threshold data THe is set in accordance 
with the summation S because the summation S of sig- 
nal data outputted from the interface circuit A relates to 

45 the current flowing through the antenna electrode when 
the child or adult as a passenger sits on the seat. The 
threshold data THe is specifically set to "20". A passen- 
ger is determined to exist on the seat 1 if the summation 
S is equal to or larger than "20" and it is determined that 

so any passenger does not exist on the seat 1 if the sum- 
mation S is smaller than "20". 

[0055] The levels of the current flowing through the 
antenna electrodes 4a to 4f are different from each 
other in accordance with the contact areas between the 
55 antenna electrodes in the seat and the body portions of 
the passenger such a6 the head, the neck, the shoulder 
and the back. Also, the patterns of current levels are dif- 
ferent between a child and an adult. Therefore, the 
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threshold data TH1 used to distinguish the passenger is 
set in accordance with the above facts. That is. as 
shown in Figs. 7A and 7B, in case of the passenger of 
the child, the current levels corresponding to the body 
portions of the passenger such as the shoulder or a por- 
tion lower than the shoulder takes the higher values in 
order. The current level for the antenna electrode 4a 
corresponding to the head of the passenger takes the 
higher value, and the current level for the antenna elec- 
trode 4b corresponding to the neck of the passenger 
takes the lowest value. 

[0056] On the other hand, as shown in Figs. 8A and 
8B, in case of the passenger of an adult, there is no 
antenna electrode corresponding to the head of the 
passenger. Also, the current levels for the antenna elec- 
trodes 4a to 4f corresponding to the body portions of the 
passenger such as the shoulder of the passenger or a 
portion lower than the shoulder become higher in order. 
[0057] The current which flows through the antenna 
electrode is influenced depending upon the thickness of 
a wear of the passenger and the attitude of the passen- 
ger. In order to eliminate the influence, the respective 
signal data relating to the levels of the current flowing 
through the antenna electrodes are normalized in 
accordance with the maximum one of the respective 
signal data, as shown in Fig. 7C and Fig. 8B. The sum- 
mation ST of the normalized data changes depending 
upon an existing situation of the passenger. Therefore, 
the first threshold data TH1 is determined as a value 
between the summations ST of the normalized data for 
the adult and for the child. Thus, the passenger is deter- 
mined to be the adult when an actual summation ST is 
higher than the first threshold value TH1 and the pas- 
senger is determined to be the child when the actual 
summation ST is lower than the first threshold value 
TH1. 

[0058] As shown in Fig. 7D and Fig. 8C, a pattern of 
current levels flowing through the plurality of antenna 
electrodes is different between the adult and the child, 
and there is a significant difference in gravity P between 
the adult and the child. The second threshold value TH2 
used to distinguish the passenger is determined in 
accordance with the gravity P. It should be noted that the 
gravity P is calculated from the equation of ( P=X/Y ) 
using the normalized data Tn, where 
X= 1xT1 + 2xT2 + ... + (n-1)xTn-1 + nxTn and 
Y = Tl + T2 + ... +Tn-1 + Tn . Therefore, the passen- 
ger is determined to be the adult when an actual gravity 
P is larger than the second threshold value TH2, i.e., 
when the gravity P is positioned at a point dose to the 
back of the passenger. Also, the passenger is deter- 
mined to be the child when the actual gravity P is 
smaller than the second threshold value TH2, i.e., when 
the gravity P is positioned at a point apart from the back 
of the passenger. According to the normalized data 
shown in Figs. 7A to 8C, the data of the gravity P is 3.9 
in case of the adult and is 5.0 in case of the child. There- 
fore, the second threshold value Th2 is set to about 4.4. 



It should be noted that the head data may be previously 
removed in the determining process as shown in Fig. 
7D. This is because the head position is unstable when 
the child is present on the seat. With the first threshold 

5 value TH1 , the same may be applied. 

[0059] In this manner, the actual signal data relating to 
the levels of the current flowing through the plurality of 
antenna electrodes 4a to 4f are taken into the control 
circuit 20 and are subjected to various calculating proc- 

10 esses. For example, the summation S of the signal data 
tn is compared with the threshold data THe, and it is 
determined whether or not the seat 1 is empty. Also, 
each signal data tn is normalized in accordance with the 
maximum one tnmax of the signal data tn. In Fig. 7V, the 

is maximum signal data is t6. The summation ST of the 
normalized data Tn is compared with the first threshold 
data TH1 to determine whether the passenger is an 
adult or a child. Moreover, the gravity P of normalized 
data is calculated from the equation of P=X/Y men- 

20 tioned above and is compared with the second thresh- 
old value TH2. The air bag control system 30 shown in 
Fig. 6 is set to either of the expansion allowed state or 
the expansion inhibited state in response to an expan- 
sion control signal from the control circuit 20 which is 

25 determined in accordance with these determinations. 
That is, the expansion control signal is supplied from the 
control circuit 20 to the control circuit CC of the air bag 
control system 30. The control circuit CC controls such 
that a gate control signal is not supplied to the gate of 

30 the semiconductor switching element SW2 on the side 
of the passenger seat, when it is determined that the 
passenger is a child. Also, the control circuit CC con- 
trols such that the gate control signal is supplied to the 
gate of the semiconductor switching element SW2 on 

35 the side of the passenger seat, when the passenger is 
an adult. Therefore, the air bag on the side of the pas- 
senger seat is not expanded in case that the passenger 
is the child, and is expanded in case that the passenger 
is the adult. It should be noted that the air bag on the 

40 side of the driver seat is expanded irrespective of the sit- 
uation on the side of the passenger seat. 
[0060] Next, the processing flow of this passenger 
detecting system will be described with reference to Fig. 
9 to Fig. 13. 

45 [0061] First, as shown in Fig. 9, an ignition switch is 
turned on and is started. An initializing process is per- 
formed in a step S1 and the control advances to a step 
S2. In the step S2, an initial checking or diagnosing 
process is performed to a communication system 

so between the control circuit 20 and the air bag control 
system 30. Whether or not an engine is started is deter- 
mined in a step S3. When the engine has been started, 
the control advances to a step S4. When the engine is 
determined not to have been started, the control exe- 

55 cutes the step S3 again. In the step S4, a signal data 
relating to the level of the current flowing in accordance 
with the weak electric field is selectively received by the 
control circuit 20 through the interlace circuit A. The 
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weak electric field is selectively generated in the neigh- 
borhood of each of the plurality of antenna electrodes 
4a to 4f. In a step S5, the taken-in data are subjected to 
a calculating process and the determination of whether 
a passenger exists on the passenger seat, and the 
determination of whether the passenger is a child or an 
adult are performed in accordance with the calculated 
data result. Moreover, in a step S6, an SRS communi- 
cation is performed between the air bag control system 
(SRS) 30 and the control circuit 20 in accordance with 
the determination results in the step S5. When the step 
S6 ends, the control returns to the step S4 again, and 
the processes from the step S4 to the step S6 are 
repeatedly performed. It should be noted that the step 
S3 can be omitted. 

[0062] For example, the initial diagnosing process 
shown in Fig. 9 is performed to be shown in Fig. 10. 
First, in a step SA1, a predetermined data is transmitted 
from the control circuit 20 to the control circuit CC of the 
air bag control system 30. In a step SA2, a data trans- 
mitted from the air bag control system 30 is received. In 
a step SA3. it is determined whether the predetermined 
data which has been transmitted from the control circuit 
20 to the air bag control system 30 and the data 
received from the air bag control system 30 are coinci- 
dent with each other. When both of the data are deter- 
mined to be coincident with each other, the control is 
continued. When both of the data are determined not to 
be coincident with each other, it is determined to be any 
error in the communication system and a fail safe 
processing is performed. For example, a warning light 
and so on are lit up. 

[0063] It should be noted that this initial diagnosing 
process may be performed by transmitting the predeter- 
mined data from the air bag control system 30 to the 
control circuit 20. In this case, the received data is trans- 
mitted from the control circuit 20 back to the air bag con- 
trol system 30. Then, the control circuit CC of the air bag 
control system 30 determines whether or not the data 
received from the control circuit 20 is coincident with the 
predetermined data. 

[0064] For example, the signal receiving process in 
the step S4 of Fig. 9 is performed as shown in Fig. 1 1 . 
First, in a step SB1, the switches 18a to 18f of the 
switching circuit 18 are selectively closed in order one 
by one in accordance with the switching control signal 
from the control circuit 20 such that the antenna elec- 
trodes 4a to 4f are sequentially selected. In a step SB2, 
the signal data t1 to t6 relating to the levels of the cur- 
rent flowing through the respective antenna electrodes 
4a to 4f are taken in by the control circuit 20. Then, the 
control advances to a step SB3. 
[0065] In the step SB3, whether or not all the antenna 
electrodes 4a to 4f are connected in order is determined 
in accordance with the selectively closing operation of 
the switches 18a to 18f of the switching circuit 18. When 
all the switches are determined to have ended, the con- 
trol is continued to the passenger determining process. 



When all the switches are determined not to have 
ended, the control returns to the step SB1 . 
[0066] The passenger determining process shown in 
Fig. 9 is performed as shown in Fig. 12. First, in a step 

5 SC1, there is calculated the summation S of the signal 
data tn ( n = 1 to k ). In this case, a summation of six sig- 
nal data t1 to t6 for the antenna electrodes 4a to 4f is 
calculated. In a step SC2, the summation S is compared 
with the threshold data THe to distinguish whether or 

10 not the summation S is larger than the threshold data 
THe, i.e., whether or not the seat is empty. When the 
summation S is determined to be larger than the thresh- 
old data THe, the control advances to a step SC3. 
When the summation S is determined to be not large, 

is the control advances to a step SC15. 

[0067] In the step SC3, the signal data tn (= t1 to t6) 
are respectively normalized in accordance with the 
maximum data tnmax (t6 is maximum in the figure), i.e., 
(Tn a tnAnmax ). Then, the control advances to a step 

20 SC4. In the step SC4. the summation ST of normalized 
data Tn is calculated. In a step SC5, the gravity P is cal- 
culated from the equation of (P = X/Y ) using the nor- 
malized data Tn, and then the control advances to a 
step SC6. 

25 [0068] In the step SC6. whether or not the summation 
ST is equal to or larger than the threshold value TH2 
and/or whether or not the gravity P is equal to or lager 
than the first threshold value TH1 are determined. The 
control advances to a step SC7 when it is determined 

30 that the summation ST is equal to or larger than the 
threshold value TH2 or the gravity P is equal to or lager 
than the first threshold value TH1. On the other hand, 
the control advances to a step SC8 when it is deter- 
mined that the summation ST is smaller than the thresh- 

35 old value TH2 or the gravity P is smaller than the first 
threshold value TH1. In the step SC7, the passenger is 
determined to be an adult, in accordance with the deter- 
mination result in the step SC6. When the passenger is 
determined to be the adult in the step 6, an ON data is 

40 set in a step SC1 0 for the expansion of the air bag of the 
air bag control system 30. Then, the SRS data commu- 
nication flow is continued. When the passenger is deter- 
mined to be a child in the step SC8, an OFF data is set 
in the step SC16 such that the air bag of the air bag con- 

45 trot system 30 is not expanded, and the control is con- 
tinued to the processing flow. It should be noted that 
when the summation S of the signal data is not equal to 
or larger then the threshold value THe, the seat is deter- 
mined to be empty in the step SC9 and the control 

50 advances to the step SC1 1 . However, the control may 
advance to the step SC10. 

[0069] The SRS data communication in Fig. 9 is per- 
formed as shown in Fig. 13. First, in a step SD1, the ON 
data or OFF data and a check data are transmitted from 
55 the control circuit 20 to the control circuit CC of the air 
bag control system 30. As a result, the air bag of the air 
bag control system 30 is to either of the expansion 
allowed state or the expansion inhibited state. In a step 
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SD2, an OK data or NG data and the check data for the 
ON data or the OFF data from the side of the air bag 
control system 30 are received. Then, the control 
advances to a step SD3. 

[0070] In the step SD3, it is determined whether or not 5 
the ON/OFF data and the check data which have been 
transmitted from the passenger detecting system to the 
air bag control system 30 is sent back in the normal con- 
dition from the air bag apparatus to the passenger 
detecting unit again. When it is determined that the data 10 
are normal, i.e., there is not any error in the communica- 
tion system, the control is continued. When it is deter- 
mined to be any error in the communication system, the 
control advances to a step SD4 where it is determined 
whether or not the failsafe timer is zero. It should be 15 
noted that the error detecting operation in this commu- 
nication system is executed three times, for example. 
Therefore, when the failsafe counter is determined to be 
"0 n , a failsafe process is performed, e.g., to light up a 
warning lamp. Also, when the failsafe counter is deter- 20 
mined to be not "0", the control advances to a step SD5. 
The counting down process of the failsafe counter is 
performed and the control is continued. 
[0071] On the other hand, in a step SE1 , the control 
circuit CC of the air bag control system 30 receives the 25 
ON data or OFF data and the check data from the con- 
trol circuit 20 of the passenger detecting system. In a 
step SE2, the receive data is checked to determine 
whether or not the above data are normally received. 
Then, the control advances to a step SE3. In the step 30 
SE3, the OK data or NG data and the check data are 
transmitted from the control circuit CC of the air bag 
control system 30 to the control unit 1 0 of the passenger 
detecting system. 

[0072] When it is determined to be not any error in the 35 
communication system in the step SE2, the control 
advances to a step SE4 via the transmission of the OK 
data in step SE3. In the step SE4. data is updated on 
the side of the air bag control system 30 in accordance 
with the OK data. By this, the air bag is updated to either 40 
of the expansion allowed state or expansion inhibited 
state. 

[0073] Also, when it is determined to be any error in 
the communication system in the step SE2, the control 
advances to a step SE5 via the transmission of the NG 45 
data in step SE3. In the step SE5, it is determined 
whether or not the failsafe counter is "0". It should be 
noted that the error detecting operation in this commu- 
nication system is set to 3. Therefore, when the failsafe 
counter is determined to be M 0", a failsafe process is so 
performed, e.g., to light up a warning lamp. Also, when 
the failsafe counter is determined not to be "0", the con- 
trol advances to a step SE6. In the step SE6, the count 
down process of the failsafe timer is performed and then 
the control is continued. 55 
[0074] According to this embodiment, the current 
flows through each of the plurality of band-shaped 
antenna electrodes 4a to 4f depending upon the contact 
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area of the antenna electrodes and the body portions of 
the passenger on the seat 1 such as the head, neck, 
shoulder and back the passenger. Moreover, a pattern 
of current levels is distinguishable between the adult 
and a child. The signal data relating to each current 
level is normalized in accordance with the maximum 
one tnmax of the signal data tn and the summation ST 
of normalized data is compared with the first threshold 
value TH1. Therefore, whether the passenger is the 
adult or the child is correctly determined. 
[0075] Also, each signal data tn taken in by the control 
circuit 20 has the distinguishable current level pattern 
depending upon the adult or the child. Therefore, the 
signal data tn is normalized in accordance with the max- 
imum one tnmax of the signal data tn and the gravity P 
of the signal data is calculated from the normalized data 
Tn. Thus, the gravity P is compared with the second 
threshold value TH2. Therefore, whether the passenger 
is the adult or the child is correctly determined. 
[0076] Especially, if whether the passenger is the 
adult or the child is determined in accordance with 
whether or not the summation of the normalized data 
ST and the gravity P of the normalized data satisfy the 
relations of (ST>TH1) and (P<TH2), the precision of the 
determination can be improved. 
[0077] Further, the signal data tn taken from the inter- 
face circuit into the control circuit 20 is normalized in 
accordance with the maximum signal data tnmax of the 
signal data. Therefore, the determination with high reli- 
ability can be expected without any influence of the 
change of the absolute value of each output signal 
depending upon the wear, the figure and so on of the 
passenger. Therefore, the air bag of the air bag control 
system 30 can be reliably set to either of the expansion 
allowed state or the expansion inhibited state in accord- 
ance with the correct passenger determination. Thus, 
the undesired expansion of the air bag can be pre- 
vented. 

[0078] Fig. 1 4 and Fig. 20 show the passenger detect- 
ing system according to the second embodiment of the 
present invention. The control unit 10A is arranged in 
the seat frame 3 or in the neighborhood of the seat 
frame 3 like the first embodiment. The control unit 10A 
is composed of the switching circuit 18 having the 
switches 18a to 18f, a plurality of interface circuits Aa to 
Af, a control circuit 20 and a power supply circuit 22. 
The switching of the switches 1 8a to 1 8f of the switching 
circuit 18 is performed in response to a signal from the 
control circuit 20. By this, a gate signal is selectively 
supplied to one of the interface circuits Aa to Af. The 
connectors 19a to 19f are connected to the high fre- 
quency low voltage signals of the interface circuit Aa to 
Af, respectively. The antenna electrodes are connected 
to the connectors 19a to 19f by use of lead lines, as in 
the first embodiment. Also, the outputs of the interface 
circuit Aa to Af are connected to the control circuit 20. It 
should be noted that the air bag control system 30 is 
connected to the control circuit 20 as in the above first 
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embodiment. 

[0079] In the control unit 1 0A, the plurality of interlace 
circuits Aa to Af have the same structure, as shown in 
Fig. 14. The interface circuit Aa is composed of an oscil- 
lating circuit 11 A, an impedance converting circuit 5 
(buffer circuit) 23 and an AC-DC converting circuit 24. 
The impedance converting circuit 23 is connected to the 
high frequency low voltage signal of the oscillating cir- 
cuit 1 1 A, to perform an impedance converting process. 
The AC-DC converting circuit 24 converts the output 10 
signal of the impedance converting circuit 23 into a 
direct current signal. 

[0080] As shown in Fig. 20, in the above-mentioned 
interface circuit Aa, the oscillating circuit 11 A has a 
resistance 11a and a switch 11b such as a field effect is 
type transistor. These components are connected in 
series between the Vcc power supply (a constant direct 
current voltage) from the power supply circuit 22 and the 
ground potential. A gate signal is given to the gate of the 
switch 1 1 b from the control circuit 20 through the switch- 20 
ing circuit 20. The high frequency low voltage signal of 
the square wave is outputted from the drain to the 
antenna electrode 4a through the connector 19a. The 
high frequency low voltage signal is determined in 
accordance with the gate signal subjected to PWM 25 
(Pulse Wide Modulation) control and outputted from the 
control circuit 20. 

[0081] For example, the oscillating circuit 1 1 A gener- 
ates the high frequency low voltage signal that its fre- 
quency is about 120 KHz. It should be noted that the 30 
duty ratio (the ON duty) of the gate signal is set to about 
10%, as shown in Fig. 21 A. However, the duty ratio may 
be changed into a suitable duty ratio by selecting a cir- 
cuit constant, the frequency. The high frequency low 
voltage signal is outputted from the oscillating circuit 35 
1 1 A when the switch 1 1 b is in the off state, and its duty 
ratio (the ON duty) becomes approximately 90%, as 
shown in Fig. 21 B. 

[0082] Also, in the interface circuit, the impedance 
converting circuit 23 is composed of an operational 40 
amplifier 23a having an amplification factor of 1. There- 
fore, the output side of the impedance converting circuit 
23 is set to the low impedance, so that the current nec- 
essary for the CPU of the control circuit 20 to read can 
be taken out without any influence to the input side. The 45 
AC-DC converting circuit 24 is connected with the out- 
put of the impedance converting circuit 23. The AC-DC 
converting circuit 24 is composed of a smoothing circuit 
which is composed of a resistance 24a and a capacitor 
24b. The output of the AC-DC converting circuit 24 is so 
supplied to the control circuit 20 as the signal data, as in 
the first embodiment. 

[0083] Next, the operation of this passenger detecting 
system in the second embodiment will be described 
with reference to Figs. 1 4 and 20 and Figs. 2 1 A to 2 1 D. 55 
[0084] Fir6t, only the switch 1 8a of the switching circuit 
18 is closed in response to the switching control signal 
from the control circuit 20, and the other switches 1 8b to 



18f are opened. By this, the gate signal is given to the 
switch 11b of the oscillating circuit 11 A in the interface 
circuit Aa, as shown in Fig. 21 A. Each time the gate sig- 
nal becomes high, the switch 11b is turned on, so that 
the drain is set to the ground level not to output the high 
frequency low voltage signal to the antenna electrode 
4a. It should be noted that in this case, the electric 
charge which has charged in a capacitance component 
which exists around the antenna electrode 4a is dis- 
charged through the switch 1 1 b. 
[0085] On the other hand, when the gate signal 
becomes low, the switch 11b is turned off. Therefore, 
the high frequency low voltage signal with the approxi- 
mate square wave of 120 KHz and +5 V is outputted to 
the antenna electrode 4a through the connector 19a, as 
shown in Fig. 21 B. As a result, the weak electric field is 
generated around the antenna electrode 4a. The cur- 
rent with different level flows depending upon a situation 
of such as the existence or non-existence of the pas- 
senger on the seat, and the distinction of whether the 
passenger is an adult or a child. It should be noted that 
because a gate signal is not given to the switches 1 1b of 
the oscillating circuits 1 1 A in the interface circuit Ab to 
Af, the Vcc voltage is applied to the antenna electrode 
4b to 4f . 

[0086] For example, when the passenger is not 
present on the seat, the current with a low level flows in 
accordance with the stray capacitance which exists 
around the antenna electrode 4a. In this case, the rising 
portion of the high frequency low voltage signal 
becomes rather dull in accordance with a CR time con- 
stant of the stray capacitance and the resistance 1 la of 
the oscillating circuit 1 1 A, as shown in Fig. 21 B. On the 
other hand, when the passenger is present on the seat 
1 , the capacitance component is larger than the stray 
capacitance around the antenna electrode 4a in case of 
the empty state of the seat, so that the current with a 
high level flows. It should be noted that the capacitance 
component of the passenger becomes larger in case of 
the adult than in case of the child. Therefore, the level of 
the current which flows through the antenna electrode 
becomes high. In this case, the rising portion of the high 
frequency low voltage signal becomes like an exponen- 
tial function. As a result, the rising portion is dull largely 
in accordance with the CR time constant of the resist- 
ance 11a and the large capacitance component which 
is larger than the stray capacitance, as shown in Fig. 
21C. It should be noted that the degree that the rising 
portion becomes dull is large in case of the adult and 
small in case of the child, because the capacitance 
component is different between the adult and the child. 
[0087] In this way, the high frequency low voltage sig- 
nal presents various patterns in accordance with the CR 
time constant. The signal from the antenna electrode is 
subjected to impedance conversion in the impedance 
converting circuit 23. That is, in the impedance convert- 
ing circuit 23, the input side is set to a high impedance 
state and the output side is set to the low impedance 
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state. The current necessary for the reading operation 
by the control circuit 20 can be taken suitably according 
to the necessity. The output signal of the impedance 
converting circuit 23 is supplied to the AC-DC convert- 
ing circuit 24. In this circuit 24, the alternate current line 5 
voltage is smoothed by the smoothing circuit 24, and is 
converted into the direct current, as shown in Fig. 21 D. 
[0088] tn Fig. 21 D, the dotted line shows a direct cur- 
rent conversion level at the time of the empty state on 
the seat and the solid line shows a direct current conver- 10 
sion level at the time of a passenger existing state on 
the seat, respectively. There is a level difference 
between both to the degree which it is possible to distin- 
guish between them. It should be noted that if the resist- 
ance 1 1a is set to be constant in the above-mentioned 15 
CR time constant, this direct current conversion level 
depends on the capacitance component which exists 
around the antenna electrode. For example, when the 
capacitance is large as in the adult, the direct current 
conversion level becomes low, and oppositely, when the 20 
capacitance is small as in the child, the direct current 
conversion level becomes high. When the seat is in the 
empty condition, the direct current conversion level 
becomes the largest. For convenience, the direct cur- 
rent output of this current detecting circuit 15 as the sig- 25 
nal data may be considered as the variation on the 
basis of case that the seat is in the empty condition. In 
this case, the variation is large in case of the adult, and 
the variation becomes small in case of the child. The 
direct current output of the current detecting circuit 1 5 is 30 
taken in as the signal data tn by the control circuit 20, is 
subjected to the A/D conversion and is stored in the 
memory. Each time the switch 18a of the switching cir- 
cuit 18 is switched to the switch 18b, the switch 18c, 
and the switch 18f, the data tn which relates to each 35 
antenna electrode 4b to 4f is outputted from the corre- 
sponding interface circuit and is taken in one after 
another by the control circuit 20. 
[0089] In the control circuit 20, like the above first 
embodiment, the calculating processes are performed 40 
such as the calculation of the amount S of signal data 
tn, the normalizing process of the signal data on the 
basis of the largest signal data tnmax, the calculation of 
the amount ST of normalized data Tn, the calculation of 
the gravity of the normalization data, and the compari- 4S 
son between the various calculation result and the 
threshold and the determination result. That is, in this 
the control circuit 20, in the memory (the memory 
means) are previously stored the threshold values of the 
existence or non-existence of the passenger on the so 
seat, the distinction of an adult or a child of the passen- 
ger. 

[0090] More specifically, the threshold value of the 
existence or non-existence of the passenger is set as 
follows. That is, when the passenger of the adult or the ss 
child is present on the 6eat, the difference is generated 
in the capacitance component which exists around each 
of the antenna electrodes 4a to 4f because of the differ- 



ence in the contact area for the antenna electrodes 4a 
to 4f. However, the capacitance component becomes 
fairly larger than in the stray capacitances which exists 
around the antenna electrodes 4a to 4f when the seat is 
empty. As a result, the significant difference is gener- 
ated in the level of the current which flows through the 
antenna electrode 4a to 4f. Not only the high level cur- 
rent flows compared with the case of the empty condi- 
tion of the passenger on the seat, but also the rising 
portion of the displace current becomes dull largely in 
the voltage waveform of the line voltage in relation to the 
difference of CR time constant. The variation of the 
direct current level outputted from the AC-DC convert- 
ing circuit 24 from the empty level becomes large. 
Therefore, when the passenger is present on the seat, 
the direct current level becomes low, as shown by the 
solid line in Fig. 21 D. 

[0091] However, the variation from the empty level 
shown by the dotted line in the same figure becomes 
large. For this reason, a level between the solid line cor- 
responding to the amount S of the signal data tn and the 
dotted line is set as the threshold value THe of the exist- 
ence or non-existence of the passenger. It should be 
noted that the passenger is judged to be present on the 
seat when the amount S of the variations of the direct 
current output is larger than the threshold value THe, 
and it is judged not to be present if small. 
[0092] Also, the threshold value for the distinction of a 
passenger is set as follows. That is, when the passen- 
ger of the adult or the child is present on the seat, the 
difference is generated in the capacitance component 
around the antenna electrode because of the difference 
of the contact area between each antenna electrode 
and the body portions of the passenger. As a result, the 
level of the current which flows through the antenna 
electrode is different. The current level becomes high in 
case of the passenger of the adult compared with the 
case of the passenger of the child. In addition, the rising 
portion becomes dull in the voltage waveform of the line 
voltage obtained from the antenna electrode in relation 
to the difference of CR time constant. 
[0093] The direct current level of the signal data tn out- 
putted from the AC-DC converting circuit 24 becomes 
large in the empty state of the seat. This signal data tn 
is normalized in accordance with the maximum signal 
data tnmax of the signal data, and the summation ST of 
the normalized data is calculated. Therefore, an inter- 
mediate value between the summations ST of the adult 
and that of the child is set as the threshold value TH1 for 
the distinction of the passenger. It should be noted that 
it is judged to be an adult if the summation ST of the 
actual normalized data is larger than this threshold 
value TH1 and it is judged to be a child if small. 
[0094] When the direct current output from the AC-DC 
converting circuit 24 has a higher level than the empty 
level when the seat is empty and is higher than the 
threshold value TH1 , the present passenger on the seat 
is judged to be an adult. As a result, the air bag control 
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system 30 shown in Fig. 6 is set to the expansion 
allowed state of the air bag in response to the expansion 
control signal from the control circuit 20. 
[0095] Oppositely, when the direct current output from 
the AC-DC converting circuit 24 has a lower level than 
the threshold value TH1 , the present passenger on the 
seat is judged to be a child. As a result, the air bag con- 
trot system 30 shown in Fig. 6 is set to the expansion 
inhibited state of the air bag in response to the expan- 
sion control signal from the control circuit 20. 
[0096] According to this embodiment, in addition to 
the attainment of the same effect as in the above-men- 
tioned first embodiment the following effects will be 
expected. That is, in this embodiment, the weak electric 
field is selectively generated around the plurality of the 
antenna electrodes 4a to 41 Also, the determination of 
situation of the passenger are performed through the 
calculating processes of the signal data which relates to 
the electric current flowing in accordance with the weak 
electric field. 

[0097] However, when a specific one of the antenna 
electrodes 4a to 4f is selected, the direct current voltage 
Vcc is given to ail the antenna electrodes other than the 
specific antenna electrode. Therefore, the influence of 
the foreign noise and so on can be removed, and the 
electric field to have been generated in the neighbor- 
hood of the specific antenna electrode becomes stable. 
As a result, the electric current flowing in accordance 
with this is also stabilized. Therefore, the determination 
precision and the reliability of the determination of the 
passenger which is in accordance with the signal data 
which relates to the electric current can be improved. 
Especially, when the air bag control system 30 installed, 
the air bag of the air bag control system 30 can be 
surely set to either of the expansion allowable state or 
the expansion inhibited state in accordance with the 
determination result. Thus, undesired expansion of the 
air bag can be prevented in previous. 
[0098] Also, in the interface circuits Aa to Af, the AC- 
DC converting circuit 24 is connected with the high fre- 
quency low voltage is outputted from the oscillating cir- 
cuit 11 A. Therefore, the voltage waveform of the line 
voltage which has relation with the electric currents 
which flow to the antenna electrodes 4a to 4f is taken in 
and is converted into the direct current signal. The exist- 
ence or non-existence of the passenger on the seat can 
be appropriately determined in accordance with the var- 
iation from the empty level of this conversion data. 
[0099] Also, the impedance converting circuit 23 is 
connected between the antenna electrodes 4a to 4f and 
the AC-DC converting circuit 24. Thus, the input side of 
the impedance converting circuit 23 is set to the high 
impedance state and the output side is set to the low 
impedance state. Therefore, in the case that the direct 
current output of the AC-DC converting circuit 24 is 
taken in as the signal data by the control circuit 20, even 
if the electric current is taken out by the control circuit 
20, it never has an influence on the high frequency low 



voltage signal to be supplied to the antenna electrodes 
4a to 4f at all. Therefore, the passenger detection of the 
high precision becomes possible. 
[01 00] Also, the capacitance component which exists 

5 around the antenna electrode is different depending 
upon whether or not the passenger of the adult is 
present on the seat or the passenger of the child is 
present. Therefore, the rising portion of the high fre- 
quency low voltage signal is made dull by appropriately 

w setting the CR time constant which is due to the capac- 
itance component and the resistance 11a connected 
with the antenna electrode. Therefore, the distinguisha- 
ble signal data are obtained by the AC-DC converting 
circuit. Thus, the information of the passenger can be 

is accurately determined in accordance with the signal 
data. 

[0101] Moreover, the high frequency low voltage sig- 
nal is outputted from the oscillating circuit 11 A and is 
applied to the antenna electrodes 4a to 4f which are 

20 arranged in the seat. The switch 11b is switched in 
response to the gate signal of the desired frequency, for 
example, 1 20 KHz, so that the voltage signal is obtained 
from the Vcc power supply of a single voltage generated 
from the power supply circuit 22. Compared with the 

25 oscillating circuit having the structure in which the direct 
current is converted into the high frequency alternate 
current signal and then waveform-shaped into the 
square wave, the circuit structures of the control unit 
and the oscillating circuit 11A can be simplified. Also, 

30 the cost of the system can be effectively reduced. 

[0102] It should be noted that the present invention is 
not limited to only the above embodiments at all. For 
example, the number of antenna electrodes in the seat 
may be suitably increased and decreased. Also, it is 

35 possible to change the shape of the antenna electrode 
into a rectangular band-shape or loop-shape in other 
than the band-shape. Also, if the interface circuit can 
detect the signal data which relates to the electric cur- 
rent which flows through the antenna electrode, the 

40 internal structure may have a different suitable structure 
other than the illustration example. 
[0103] In addition, the oscillating circuit may be 
formed to use a pulse signal which is outputted from the 
control circuit, in addition to the oscillating circuit to 

45 make the high frequency low voltage of the sine wave or 
the square wave. The output frequency may be set to a 
suitable frequency other than 120KHZ, and the voltage 
may be used in a range of 5 to 1 2 V. Also, the amplitude 
control circuit can be omitted depending on the preci- 

so sion of the system power supply, the function which is 
expected of the system and so on. Moreover, the steps 
SC1 and SC2 can be omitted in the passenger deter- 
mining flow. 

[01 04] Next, the passenger detecting system accord- 
55 ing to the third embodiment of the present invention will 
be described below. The operation principle in the third 
embodiment is the same as in the first and second 
embodiments. 
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[0105] Figs. 15A and 15B shows a driver or passenger 
seat 1. Referring to Figs, 15A and 15B, a seat 1 is com- 
posed of a seat section 1 a and a back supporting sec- 
tion 1b. The seat section 1a is composed of a seat 
frame 3 which is fixed on a base 2 which is slidabie 5 
before and back, a cushion material which is arranged 
on the seat frame 3, and an exterior material which cov- 
ers the cushion material. The back supporting section 
1b is composed of a cushion material which is arranged 
on the front side of the seat frame, and an exterior mate- w 
rial by which the cushion material is covered. 
[0106] In the seat section 1a, an antenna electrode 
section 4 composed of a plurality of antenna electrodes 
4a to 4d is arranged. The respective antenna electrodes 
4a to 4d are formed to have substantially the same is 
shape, e.g., a polygon shape, and are symmetrically 
arranged to be spaced from each other. However, the 
plurality of antenna electrodes may be arranged at the 
back supporting section 1b or may be arranged in the 
both. It should be noted that a control unit 10 to be 20 
described later is incorporated into the seat 1, and is 
arranged in the seat frame 3 or in the neighborhood of 
the seat frame 3, for example. 

[0107] The antenna electrode section 4 is a base 
member and the antenna electrodes 4a to 4d. The base 25 
member is formed of insulating member such as non- 
woven cloth. The antenna electrode section 4 is 
arranged inside the exterior material of the seat section 
1a. The antenna electrode section 4 is formed of con- 
ductivity cloth, for example. However, the fibers which 30 
have a thread-shaped metal or conductor may be 
woven into the base member or the seat cloth surface of 
the seat section 1 a, or a conductive paint may be coated 
on the cloth surface. Also, lead lines composed of 
shielded wires are electrically connected with the 35 
desired portion of the antenna electrodes 4a to 4d, 
respectively. Also, the respective ends of the lead lines 
are connected with connectors 19a to 1 9d of the control 
unit 10 to be described later. 

[0108] The control unit 10 is incorporated into the 40 
above-mentioned seat 1. For example, as shown in Fig. 
16, the control unit 10 is composed of an oscillating cir- 
cuit 11, a resistance 115, a switching circuit 18, a cur- 
rent detecting circuit 15, a control circuit 20 and a power 
supply circuit 22. The oscillating circuit 1 1 outputs a 45 
high frequency low voltage signal of an alternate current 
sine wave by which weak electric fields are generated 
around the antenna electrodes 4a to 4d, respectively. 
The resistance 1 15 is connected with the oscillating cir- 
cuit 11. The switching circuit 18 has a plurality of so 
switches 18a to 18d and is connected with the resist- 
ance 115 and the connectors 19a to 19d. The current 
detecting circuit 15 is connected with a node between 
the resistance 115 and the switching circuit 1 8. The cur- 
rent detecting circuit 1 5 is connected to either one of the ss 
antenna electrodes 4a to 4d through the switching cir- 
cuit 18 and one of the connectors 19a to I9d in case of 
a closing operation. The connectors 19a to 19d are 
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arranged in the housing of the control unit 10. The cur- 
rent detecting circuit 15 converts into a direct current 
signal, the alternate current line voltage which relates to 
the current which flows through the antenna electrode 
4a to 4d. The control circuit 20 contains a CPU, an ana- 
log-to-digital converting section, an external memory 
such as an EEPROM, an ROM and so on. 
[0109] A connector 21 is connected with a battery 
power supply (not shown) which is arranged in the 
housing. The power supply circuit 20 is connected with 
the connector 21. These components are accommo- 
dated in the identical housing and form a control unit 10, 
and is fixed so as not to be exposed on the passenger 
side in the seat frame 3 of the seat section 1 a of the seat 
1 . An air bag control system 30 with the structure shown 
in Fig. 6 is connected with the control circuit 20 of the 
control unit 10. It should be noted that the selective 
switching of the switches 18a to 18d of the switching cir- 
cuit 18 is performed in accordance with a signal from 
the control circuit 20. 

[0110] In the above-mentioned control unit 10, the 
oscillating circuit 1 1 is composed of a quadrature oscil- 
lating circuit to output a high frequency low voltage sig- 
nal of the sine wave. It should be noted that the suitable 
oscillating circuits such as the Wien bridge oscillating 
circuit can be used as the oscillating circuit, in addition 
to the quadrature oscillating circuit. In the output of the 
oscillating circuit 11, the frequency is about 120 KHz, 
and the voltage is 5 VP-P. However, it is possible to 
change these values into the suitable values. 
[0111] Also, in the control unit 10, the current detect- 
ing circuit 1 5 is composed of a full wave rectifying circuit 
16 and a smoothing circuit 17, as shown in Fig. 18. The 
full wave rectifying circuit 16 is composed of the first and 
second operational amplifiers 16a1 and 16a2, and the 
first and second diodes 16b1 and 16b2 and resistances 
I6c1 to 16c3. The smoothing circuit 17 is composed of 
a resistance 1 7a and a capacitor 1 7b. It should be noted 
that the control circuit 20 is connected with the output 
side of the current detecting circuit 15. 
[011 2] Moreover, in the control unit 10, the power sup- 
ply circuit 22 drops the voltage of 12 V from the battery 
power supply into 5 V to generate a single Vcc power 
supply. The power supply circuit 22 is composed of 3 
terminal regulator. The single Vcc power supply is gen- 
erated by the power supply circuit 22 is supplied to com- 
ponents, which need the power supply, of all the 
component of the control unit 1 0. It should be noted that 
it is desirable to make the Vcc power supply unitary but 
it is possible to set to the different voltages. 
[01 1 3] Next, the operation of the passenger detecting 
system with the above structure will be described with 
reference to Figs. 17A and 17B and Figs. 19A to 19C. 
When the oscillating circuit 11 in Fig. 16 first becomes 
an oscillation state, the high frequency low voltage sig- 
nal of the sine wave as shown in Fig. 19A is outputted 
from the oscillating circuit 1 1 . The high frequency low 
voltage signal is supplied to the antenna electrodes 4a 
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to 4d through the resistance 115, the switches 18a to 
18d of the switching circuit 18, and the connectors 19a 
to 19d. As a result, the weak electric field is selectively 
generated around one of the antenna electrodes 4a to 
4d. In this case, the switching circuit 18 controls the 
opening and closing operation in accordance with the 
switching control signal from the control circuit 20. First, 
only the switch 18a is closed, and next, only the switch 
18b is closed. Hereinafter, only a specific switch is 
closed in order in the same way. At the same time, the 
switching control is performed in such a manner that the 
other switches are opened. Therefore, when the specific 
one of the switches 18a to 18d is closed, the high fre- 
quency low voltage signal is supplied to the specific one 
of the antenna electrodes 4a to 4d through the resist- 
ance 115, the specific one of the switches 18a to 18d 
and the specific one of the connectors 14a to 14d. As a 
result, the weak electric field is generated around the 
specific antenna electrode. The current flows with the 
level which is different in accordance with whether or 
not the passenger is present on the seat 1 and whether 
the passenger is an adult or a child. 
[01 1 4] When the passenger is present on the seatl , a 
capacitance component which is larger than a stray 
capacitance at the time of the passenger non-existing 
state exists around the specific antenna electrode. 
Because the current with high level flows, the voltage 
drop by the resistance 1 15 becomes large. Because the 
adult becomes larger than the child in the capacitance 
component of the passenger, the level of the current 
which flows through the antenna electrode becomes 
high and the voltage drop by the resistance 115 
becomes large. Therefore, the line voltage of the trans- 
mission system of the oscillating circuit 11, the resist- 
ance 115, and the switching circuit 18 becomes shown 
in Fig. 19A. 

[01 1 5] Because the capacitance component is differ- 
ent between the adult and the child so that the current 
which flows through the antenna electrode is different, 
the line voltage V is small in case of the adult, and large 
in case of the child. On the other hand, in case of empty 
state in which nobody is present on the seat 1, the cur- 
rent with a low level flows in accordance with the stray 
capacitance which exists around the specific antenna 
electrode. However, the voltage drop by the resistance 
115 becomes very small and the line voltage V is set to 
the value which is near to the output voltage from the 
oscillating circuit 1 1 . 

[01 1 6] in the way, the alternate current line voltage of 
the output side of the resistance 115 is taken in by the 
current detecting circuit 15. The alternate current line 
voltage is first full-wave-rectified in the full wave rectify- 
ing circuit 16 as shown in Fig. 19B, and subsequently is 
converted into a direct current Vd by the smoothing cir- 
cuit 17 as shown in Fig. 19C. 

[01 1 7] More particularly, when the voltage of the pos- 
itive half cycle of the alternate current line voltage is 
supplied to the full wave rectifying circuit 16, the output 



side of the first operational amplifier 16a1 is negatively 
inverted and the second diode 16b2 is set to a cutoff 
state. As a result, the voltage of the positive half cycle 
which is applied to the second operational amplifier 

5 16a2 through the resistance 16c2 is outputted to the 
output side of the second operational amplifier 16a2. 
[0118] Next, when the voltage of the negative half 
cycle is inputted to the full wave rectifying circuit 16, the 
output side of the first operational amplifier 16a1 is 

10 inverted in a positive direction and the second diode 
1 6b2 is set to the on state. As a result, the voltage which 
is inverted in the positive direction is outputted to the 
output side of the second operational amplifier 16a2. 
Therefore, the output voltage as shown in Fig. 19B is 

15 obtained as the output of full wave rectifying circuit 1 6. 
[01 1 9] In the way, the direct current output Vd of the 
current detecting circuit 15 differs in the level in accord- 
ance with the output of the full wave rectifying circuit 1 6. 
In Fig. 19C, the dotted line indicates a direct current 

20 converting level at the time of the non-existence state of 
a passenger on the seat and the solid line indicates a 
direct current conversion level at the time of the exist- 
ence of the passenger. There is a difference between 
both to the degree which it is possible to distinguish 

25 between both. It should be noted that the direct current 
conversion level depends on the capacitance compo- 
nent which exists around the antenna electrode, if the 
resistance value of the resistance 115 is set to a con- 
stant value. For example, it becomes small when the 

30 capacitance is large as in the adult, and oppositely, it 
becomes large when the capacitance is small, as in the 
child. Also, when the seat 1 is in the empty condition, it 
becomes the largest. The direct current output of the 
current detecting circuit 15 is taken in as signal data one 

35 after another by the control circuit 20. is subjected to the 
A/D conversion and is stored in the memory. 
[0120] In the control circuit 20, threshold value are 
previously stored which are concerned with the situation 
of the passenger on the seat 1, i.e., the existence or 

40 non-existence of a passenger, and the distinguishing of 
an adult or a child. More specifically, the threshold value 
relating to the existence or non-existence of the passen- 
ger is set as follows. That is, as shown in Figs. 17A and 
1 7B, when the passenger P of the adult or the passen- 

45 ger SP of the child is present on the seat 1 , the capaci- 
tance component which exists around each antenna 
electrode is different from each other depending upon 
the difference in the opposing area between each 
antenna electrode and the body portions of the passen- 

so ger. As a result, the levels of the current which flow 
through the antenna electrodes are different from each 
other. 

[0121] In case of the passenger P of the adult, the 
level of the current becomes high, compared with the 
55 case of the passenger SP of the child. Therefore, the 
voltage drops across the resistance 115 are different 
from each other in the level, and the direct current levels 
outputted from the current detecting circuit 15 are also 
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different. Therefore, an intermediate level between the 
direct current output which relates to the current level in 
case of the child SP and the direct current output at the 
time of the empty state which is shown by the dotted line 
in Fig. 13(c) is set as the threshold value for the deter- 5 
mination of the existence or non-existence of the pas- 
senger. 

[0122] It should be noted that the passenger is deter- 
mined to be present on the seat if the direct current out- 
put is smaller than the threshold value. Also, it is 10 
determined not to be present on the seat if larger. The 
threshold value is desirable to be set for the summation 
of the direct current outputs from the current detecting 
circuit 15 which relates to the current which flows 
through the respective antenna electrodes 4a to 4d. is 
However, it is possible to set every antenna electrode. 
[0123] Also, the threshold value relating to the distin- 
guishing of a passenger is set as follows. That is, as 
shown in Fig. 1 7A, when the passenger P of the adult is 
present on the seat 1. the level of the current which 20 
flows through each antenna electrode becomes large 
and the line voltage of the transmission system 
becomes low because of the voltage drop by the resist- 
ance 115. The direct current level which is outputted 
from the current detecting circuit 15 is a level (Vd) indi- 25 
cated by the solid line in Fig. 19C. 
[0124] On the other hand, as shown in Fig. 1 7B, when 
the passenger SP of the child is present on the seat 1 , 
the level of the current which flows through each 
antenna electrode becomes small. Also, the line voltage 30 
of the transmission system becomes small because of 
the voltage drop by the resistance 115. The direct cur- 
rent level which is outputted from the current detecting 
circuit 15 is a level between the level shown by a solid 
line and a level shown by a dotted line in Fig. 19C. 35 
Therefore, the direct current output which relates to the 
intermediate current level between the level of the adult 
P and the level of the child SP is set as the threshold 
value for the distinguishing. It should be noted that it is 
determined to be adult P if the direct current conversion 40 
data is smaller than the threshold values and it is deter- 
mined to be a child SP if larger. Especially, it is desirable 
that the threshold value is set to the summation of the 
direct current outputs as the signal data from the current 
detecting circuit 15 which relates to the current which 45 
flows through each antenna electrode. However, it is 
possible to set every antenna electrode. 
[0125] Therefore, the signal data relating to the exist- 
ence or non-existence of the passenger are taken in by 
the control circuit 20 and is compared with the threshold so 
value relating to the existence or non-existence of the 
passenger which is previously stored in the control cir- 
cuit 20. For example, as shown in Fig. 117A, when the 
signal data from the current detecting circuit 15 are 
lower than the threshold value relating to the distin- 55 
guishing of existence or non-existence, the passenger 
existing on the seat 1 is determined to be adult P. By 
this, the air bag control system 30 shown in Fig. 6 is set 



to the expansion allowed state of the air bag in response 
to the expansion control signal from the control circuit 
20. 

[0126] Oppositely, as shown in Fig. 1 7B, when the sig- 
nal data from the current detecting circuit 15 are higher 
than the threshold value relating to the distinguishing of 
the existence or non-existence of the passenger, the 
existing passenger on the seat 1 is determined to be a 
child SP. By this, the air bag control system 30 shown in 
Fig. 6 is set to the expansion inhibited state in response 
to the expansion control signal from the control circuit 
20. 

[0127] That is, the expansion control signal from the 
control circuit 20 is supplied to the control circuit CC of 
the air bag control system 30. In case of the latter, it is 
set so as not for a gate signal to be supplied to the 
switching element SW2 on the passenger seat side 
when the automobile collides. It should be noted that 
the gate signal is supplied to the switching element 
SW1 on the driving seat side. In the case of the former, 
it is set for the gate signal to be supplied to the switching 
elements SW1 and SW2. 

[01 28] In this way, according to the passenger detect- 
ing system in the third embodiment, the current deter- 
mined in accordance with the capacitance component 
which exists around the antenna electrode flows 
through the antenna electrodes 4a to 4d in accordance 
with the high frequency low voltage signal from the 
oscillating circuit 11. In this case, the voltage drop 
according to the current is caused by the resistance 1 1 5 
which is connected with the transmission system. The 
line voltage of the transmission system becomes the 
voltage which is related with the current which flows 
through the antenna electrode. The current which flows 
through the antenna electrode is changed depending 
upon the existence or non-existence of the passenger 
on the seat 1 and whether or not the passenger is an 
adult. Therefore, by converting the line voltage from the 
alternate current into the direct current in the current 
detecting circuit 15, the direct current signal data is 
obtained to be possible to distinguish. The control circuit 
20 takes in the signal data and can appropriately deter- 
mine the existence or non-existence of the passenger 
on the seat 1 in accordance with the signal data relating 
to the direct current signal data. 
[0129] In addition, the existence or non-existence of 
the passenger on the seat 1 is determined in accord- 
ance with the signal data relating to the direct current 
output from the current detecting circuit 15 by the con- 
trol circuit 20. Also, the determining result is transmitted 
to the air bag control system 30 through the communi- 
cation section. Therefore, the air bag apparatus can be 
appropriately controlled in accordance with the exist- 
ence or non-existence of the passenger. 
[0130] Next, the passenger detecting system accord- 
ing to the fourth embodiment of the present invention 
will be described below. 

[0131] In the above third embodiment, the full wave 
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rectifying circuit 16 of the current detecting circuit 15 is 
composed of the first and second operational amplifiers 
16a1 and 16a2, the first and second diodes 16b1 and 
16b2, and resistances 16c1 to 16c3. However, because 
the forward voltage of each of the first and second 
diodes 16b1 and 16b2 has a negative temperature coef- 
ficient the forward voltage changes depending upon the 
ambient temperature. For this reason, as the output 
voltage of the full wave rectifying circuit 16, the voltage 
changes which corresponds to the cycle which is 
inverted by the first operational amplifier 16a1 so that 
the level of the direct current output from the smoothing 
circuit 17 changes, too. 

[01 32] In the passenger detecting system in the fourth 
embodiment, the current detecting circuit 15 is simpli- 
fied and the manufacturing cost is reduced. 
[0133] In Fig. 22, a reference numeral 1 0A is a control 
unit which is incorporated into the seat 1 shown in Fig. 
15A. As shown in Figs. 22, the control unit 10A is com- 
posed of an oscillating circuit 11. a resistance 115. a 
switching circuit 18 having a plurality of switches 1 8a to 
18d, an current detecting circuit 15, connectors 19a to 
19d, a control circuit 20 and a power supply circuit 20. 
The oscillating circuit 1 1 outputs a high frequency low 
voltage signal of alternate current sine wave to supply to 
the antenna electrodes 4a to 4d such that a weak elec- 
tric field is generated around the antenna electrodes 4a 
to 4d. The resistance 1 1 5 is connected with a transmis- 
sion system from the oscillating circuit 1 1 to the antenna 
electrode section 4. The switching circuit 18 for the 
antenna electrode section 4a to 4d are connected with 
the output side of the resistance 115. The connectors 
19a to 19d are arranged in the housing of the control 
unit 10A and connected to the switches 18a to 18d of 
the switching circuit 18. The current detecting circuit 15 
is connected to a node between the output side of the 
resistance 115 and the switching circuit 1 8 and converts 
into a direct current, an alternate current line voltage on 
the transmission system line. The line voltage relates to 
the current which flows through the antenna electrodes 
4a to 4d on the output side of the resistance 115. The 
control circuit 20 contains a CPU, an analog-to-digital 
converting section, and an external memory such as an 
EEPROM, an ROM and so on. The connector 21 is con- 
nected with a battery power supply (not shown) which is 
arranged in the housing. The power supply circuit 20 is 
connected with the connector 21 . 
[0134] These components are accommodated in the 
identical housing and form the control unit 10A, and is 
fixed so as not to be exposed on the passenger side in 
the seat frame 3 of the seat section 1 a of the seat 1 . An 
air bag control system 30 with the structure shown in 
Fig. 6 is connected with the control circuit 20 of the con- 
trol unit 10A. It should be noted that the selective switch- 
ing of the switches 18a to 18d of the switching circuit 18 
is performed in accordance with a switching control sig- 
nal from the control circuit 20. 

[0135] In the above-mentioned control unit 10A, the 



oscillating circuit 1 1 is composed of a quadrature oscil- 
lating circuit to output the sine wave alternate current 
signal such as a high frequency low voltage signal. As 
shown in Fig. 23 A, only the sine wave component on the 

5 positive side (for example, 5 Vp-p at the center of 4 V) is 
used. It should be noted that the suitable oscillating cir- 
cuits such as the Wien bridge oscillating circuit can be 
used as the oscillating circuit, in place of the quadrature 
oscillating circuit. 

10 [0136] Also, the current detecting circuit 15 is com- 
posed of a half wave rectifying circuit 16 and a smooth- 
ing circuit 17. The half wave rectifying circuit 16 is 
composed of a single operational amplifier 16a. The line 
voltage in the transmission system is applied to a non- 

15 inversion input terminal (+), and a suitable reference 
voltage Vref such as the voltage of 4 V is applied to an 
inversion input terminal (-). 

[0137] When the oscillating circuit 1 1 is composed of 
the quadrature oscillating circuit and first becomes an 

20 oscillation state, the sine wave high frequency low volt- 
age signal is outputted from the oscillating circuit 1 1 . It 
should be noted that the output voltage of the oscillating 
circuit 1 1 is set to be the voltage of 5 Vp-p at the center 
of 4 V. The output voltage is supplied to the antenna 

25 electrodes 4a to 4d through the resistance 115. i.e., a 
transmission system, and the alternate current line volt- 
age appears on the output side of the resistance 1 15 as 
shown in Fig. 23A. 

[0138] The high frequency low voltage signal is sup- 

30 plied to the antenna electrodes 4a to 4d through the 
transmission system, the switching circuit 18, and the 
connectors 19a to I9d. As a result, the weak electric 
field is generated around the antenna electrodes 4a to 
4d. In this case, the switching circuit 18 controls the 

35 opening and closing operation in accordance with the 
switching control signal from the control circuit 20. First, 
only the switch 18a is closed, and next, only the switch 
18b is closed. Hereinafter, only a specific switch is 
closed in order in the same way. At the same time, the 

40 switching control is performed in such a manner that the 
other switches are opened. Therefore, when the specific 
one of the switches 18a to 18d is closed, the high fre- 
quency low voltage signal is supplied to the specific one 
of the antenna electrodes 4a to 4d. As a result, the weak 

45 electric field is generated around the specific one of the 
antenna electrodes 4a to 4d. The current flows with the 
level which is different according to the existence or 
non-existence of the passenger on the seat 1 and dis- 
tinction of the adult or the child of the passenger. 

so [01 39] When a passenger is not present on the seat 
1, a lower current flows in accordance with a stray 
capacitance exists around the specific antenna elec- 
trode. Because the voltage drop by the resistance 115 
becomes small, the line voltage on the output side of the 

55 resistance 115 is approximate to the output voltage of 
the oscillating circuit 1 1 . On the other hand, when the 
passenger is present on the seat 1, a higher current 
flows because a large capacitance component exists 
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around the specific antenna electrode compared with 
the stray capacitance at the time of the empty seat. 
[01 40] It should be noted that the capacitance compo- 
nent of passenger is larger in case of the adutt than in 
case of the child and the level of the current which flows s 
through the antenna electrode becomes high. For this 
reason, the voltage drop by the resistance 115 
becomes large. The line voltage of the output side of the 
resistance 1 15 is fairly lower than the output voltage of 
the oscillating circuit 1 1 in case of the adult and is higher 
than the level of the adult in case of the child but is the 
level which is lower than the output voltage of the oscil- 
lating circuit 1 1 . 

[0141] The line voltage of the transmission system 
which corresponded to the existence or non-existence 
of the passenger on the seat 1 in the way is supplied to 
the current detecting circuit 15A. That is, the line voltage 
is supplied to the non-inversion input terminal (+) of the 
operational amplifier 16a of the half wave rectifying cir- 
cuit 16. The reference voltage Vref of +4 V(DC) is 
applied to the inversion input terminal (-) of the opera- 
tional amplifier 16a. Therefore, the half wave rectified 
voltage having the center voltage of 4 V is outputted on 
the output side as shown in Fig. 23B. The half wave rec- 
tified voltage is smoothed by the smoothing circuit 17 
which is composed of a resistance 1 7a and a capacitor 
17b. Thus, the direct current output is obtained as 
shown in Fig. 23C. 

[0142] It should be noted that in Figs. 23 A to 23C, the 
direct current output Vd shown by the solid line shows a 
direct current conversion level at the time of the empty 
state. Also, the direct current output Vd1 shown by the 
dotted line shows a direct current conversion level at the 
time of the existence state of the passenger P of the 
adult. The direct current output Vd2 shown by two chain 
lines shows a direct current conversion level at the time 
of the existence state of the passenger SP of the child. 
There are distinguishable differences in level among 
three cases. The direct current outputs from the current 
detecting circuit 15 are taken in one after another by the 
control circuit 20, is A/D converted and then is stored in 
a memory. 

[0143] in the control circuit 20, threshold values are 
previously stored which are concerned with the situation 
of a passenger on the seat 1 (the existence or non-exist- 
ence, and the distinguishing of an adult or a child). More 
specifically, the threshold value relating to the existence 
or non-existence of the passenger is set as follows. 
[0144] Tha is, as shown by Fig. 17A and 17B, when 
the passenger P of the adult or the passenger of the 
child SP is present on the the seat 1 , the difference is 
generated in the capacitance component which exists 
around each antenna electrode depending upon the dif- 
ference in the opposing area between each antenna 
electrode and the body of the passenger. As a result, 
the level of the current which flows through the antenna 
electrode is different, and the voltage drop by the resist- 
ance 115 is also different. Therefore, the line voltage 



takes different values. Also, the direct current level 
which is outputted from the current detecting circuit 15 
takes the different levels, too, as shown in Fig. 23C. 
Therefore, a threshold value relating to the existence or 
non-existence of the passenger is set to a value 
between the solid line and two chain line in Fig. 23C. 
[0145] Also, the threshold value for the distinguishing 
of a passenger relating to whether or not the passenger 
is an adult is set to a value between the dotted line and 
two chain line in Fig. 23C. ft is desirable to set these 
threshold values to the summation of the direct current 
outputs from the current detecting circuit 15 which 
relates to the current which flows through each antenna 
electrode. However, it is possible to set every antenna 
electrode. 

[0146] Therefore, the signal data relating to the exist- 
ence or non-existence of the passenger are taken in by 
the control circuit 20 and are compared with the thresh- 
old value relating to the existence or non-existence of 
the passenger which has been previously stored in the 
control circuit 20. For example, as shown in Fig. 17A, 
when the direct current outputs from the current detect- 
ing circuit 1 5 is lower than the threshold value relating to 
the distinguishing of existence or non-existence, an 
passenger on the seat 1 is determined to be adult P. By 
this, the air bag of the air bag control system 30 shown 
in Fig. 6 is set to the expansion allowed state in 
response to the expansion control signal from the con- 
trol circuit 20. 

[0147] Oppositely, as shown in Fig. 17B, the direct 
current outputs from the current detecting circuit 15 are 
higher than the threshold value relating to the distin- 
guishing of existence or non-existence, an passenger 
on the seat 1 is determined to be a child SP. By this, the 
air bag of the air bag control system 30 shown in Fig. 6 
is set to the expansion inhibited state in response to the 
expansion control signal from the control circuit 20. 
[0148] That is. the expansion control signal from the 
control circuit 20 is supplied to the control circuit CC of 
the air bag control system 30. In case of the latter, it is 
set so as not to supply the switching element SW2 on 
the passenger seat side with the gate signal when the 
automobile collides. It should be noted that the gate sig- 
nal is supplied to the switching element SW1 on the 
driving seat side. In the case of the former, it is set for 
the gate signal to be supplied to the switching elements 
SW1 and SW2. 

[0149] According to the embodiment, because the half 
wave rectifying circuit 16 of the current detecting circuit 
15 is composed of the single operational amplifier 16a. 
the circuit structure can be simplified remarkably com- 
pared with the full wave rectifying circuit 16 in the above 
embodiment and can reduce a cost to 30 to 50%. 
[0150] Also, because a diode is not used for the half 
wave rectifying circuit 16 at all, unlike the full wave recti- 
fying circuit 16 in the third embodiment. The change of 
the ambient temperature never changes the direct cur- 
rent output of the current detecting circuit 1 5. Therefore, 
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not only the precision of the determination relating to 
the existence or non-existence in the control circuit 20 
which is in accordance with the direct current output but 
also the reliability thereof can be improved. 
[0151] Especially, the existence or non-existence of 
the passenger is determined in accordance with the sig- 
nal data outputted from the current detecting circuit 15 
and taken in by the control circuit 20. The plurality of 
antenna electrodes 4a to 4d are arranged in the seat 1 . 
Further, one of these antenna electrodes are selected 
suitably by the switching circuit 18. Also, a lot of signal 
data are taken in by the control circuit 20. Therefore, 
because a determination in the control circuit 20 is per- 
formed in accordance with the lot of signal data, the 
passenger detection with the higher reliability becomes 
possible. 

[0152] Also, the control units 10A accommodates cir- 
cuit elements such as the oscillating circuit 11, the 
switching circuit 18, the current detecting circuit 15, the 
control circuit 20, the power supply circuit 20 in the 
same housing. Therefore, it can be incorporated in the 
seat 1. Because it is relatively easy to secure an 
arrangement space at the seat frame 3 of the seat sec- 
tion 1a or in the neighborhood thereof, it is possible to 
incorporate simply and easily even if the control unit 
10A becomes large a little. 

[0153] Also, because the control unit 10A is incorpo- 
rated into the seat 1 where the plurality of antenna elec- 
trodes 4a to 4d are arranged, when the antenna 
electrode section 4 and the control unit 10A are con- 
nected electrically by lead lines 6a to 6d, the wiring 
length can be made quite short, compared with the case 
that the control unit 10A is installed in a dashboard, an 
engine room, and so on. Therefore, in addition to cost 
reduction, the influence of external noise can be 
reduced by the shortening of the wiring length. As a 
result, the reliability of the passenger detection function 
of the system can be improved. 
[01 54] Moreover, the air bag of the air bag control sys- 
tem 30 is set to either of the expansion allowed state or 
the expansion inhibited state in accordance with the 
determination of whether a passenger is the adult or the 
child. When the passenger is determined to be a child 
SP in accordance with the level of the direct current out- 
puts of the current detecting circuit 1 5, the air bag of the 
air bag control system 30 is set to the expansion inhib- 
ited state. Therefore, even if the automobile collides, the 
air bag is not expanded and the appropriate control of 
the air bag control system 30 becomes possible. 
[01 55] Next, the passenger detecting system accord- 
ing to the fifth embodiment of the present invention will 
be described below. 

[0156] Fig. 24 is a diagram showing the fifth embodi- 
ment of the passenger detecting system according to 
the present invention. Of the components, a control unit 
10B is basically the same as the embodiment which is 
shown in Fig. 22. The different point is in that that a 
buffer circuit 31 is connected between a first switching 



circuit 18 and the connectors 19a to 19d. Also, a second 
switching circuit 32 is provided to select a suitable one 
of the antenna electrodes 4a to 4d on the output side of 
the first switching circuit 18. Moreover, the current 

5 detecting circuit 1 5 is connected with the output side of 
the second switching circuit 32. 
[0157] The buffer circuit section 31 is composed of a 
plurality of buffer circuits which correspond to the 
antenna electrodes 4a to 4d. The respective buffer cir- 

10 cuits are composed of operational amplifiers 31a to 31d 
and resistances 31aa to 31dd. These operational ampli- 
fiers are set to have an amplification factor of approxi- 
mately 1 . The alternate current line voltage is applied to 
the non-inversion input terminal (+) which is grounded 

is through the resistance 21aa to 21dd. Therefore, the 
side of the first switching circuit of the buffer circuit is set 
to high impedance and the side of the antenna elec- 
trode is set to low impedance. Thus, the current can be 
applied to the antenna electrode without any an influ- 

20 ence on the input side. 

[0158] The passenger detecting system operates as 
follows. First, only the switch 18a of the first switching 
circuit 18 is closed, and the other switch 18b to 18d are 
set to an opening state. In this case, the output of the 

25 sine wave alternate current voltage of the oscillating cir- 
cuit 1 1 is applied to the antenna electrode 4a through 
the resistance 115, the switch 18a, the operational 
amplifier 31a of the buffer circuit, the connectors 19a. 
By this, the weak electric field is generated around the 

30 antenna electrode 4a and the current flows in accord- 
ance with the existence or non-existence of the passen- 
ger on the seat. 

[0159] The line voltage corresponding to the voltage 
drop in the resistance 115 appears in accordance with 

35 current in the transmission system. When only the 
switch 22a of the second switching circuit 32 is closed, 
the line voltage relates to the current which flows 
through the antenna electrode 4a is inputted to the cur- 
rent detecting circuit 15A. The line voltage is subjected 

40 to the half wave rectification and smoothing, so that the 
voltage which corresponds to the input is outputted and 
then is taken in by the control circuit 20. 
[01 60] Next, the first switching circuit 1 8 and the sec- 
ond switching circuit 32 are switched such that only the 

45 switch 18b and 32b are closed. In this case, the sine 
wave alternate current signal of the oscillating circuit 11 
is applied to the antenna electrode 4b through the 
resistance 115, the switch 18b, the operational amplifier 
31b of the buffer circuit, and the connectors 19b. By this, 

so the weak electric field is generated around the antenna 
electrode 4b, and the current flows in accordance with 
the existence or non-existence of the passenger on the 
seat. The line voltage corresponding to the voltage drop 
in the resistance 115 appears in accordance with the 

55 current in the transmission system. 

[0161] The line voltage is supplied to the current 
detecting circuit 15, and is subjected to the half wave 
rectification and smoothing such that the direct current 
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voltage which corresponds to the input is outputted, and 
then is taken in by the control circuit 20. 
[0162] Hereinafter, like the above operations, a suita- 
ble antenna electrode is selected through the switching 
operation of the first and second switching circuit 1 8 and 5 
32 and the direct current output which corresponded to 
the existence or non-existence of the passenger is 
taken in by the control circuit 20. 
[0163] According to the fifth embodiment, as in the 
fourth embodiment, the line voltage of the transmission 10 
system is subjected to the half wave rectification and 
smoothing in the current detecting circuit 15 which does 
not use a diode. Therefore, the change of the direct cur- 
rent conversion level due to the change of the ambient 
temperature can be restrained, and it is possible to is 
improve the passenger detection precision and the reli- 
ability. 

[0164] Further, because the buffer circuit 31 is 
inserted in the transmission system, the current which 
corresponded to the existence or non-existence of the 20 
passenger can be applied to the antenna electrode 
without any influence on the input side. Therefore, as 
mentioned above, it is possible to improve the passen- 
ger detection precision and the reliability. 
[0165] Fig. 25 shows the passenger detecting system 25 
according to the sixth embodiment of the present inven- 
tion. Of the components, the control unit 10C is basi- 
cally the same as the third embodiment shown in Fig. 
22. The different point is in that a single antenna elec- 
trode 4 is arranged in the seat section 1a or the back 30 
supporting section 1b of the seat 1, or around it (e.g., a 
dashboard or a door). Also, the switching circuit 18 for 
the selective switching and connection of the oscillating 
circuit 1 1 and the antenna electrode 4 is omitted in con- 
junction with the antenna electrode 4. 35 
[0166] According to the sixth embodiment, because 
the antenna electrode 4 is one, the amount of data 
which are obtained from the current detecting circuit 15 
becomes little and the passenger detection precision 
rather declines. However, the circuit structure can be 40 
simplified and reduce the cost of the system. 
[0167] If the antenna electrode 4 is arranged in a 
dashboard or a side port section of a door or seat, it is 
detected that the passenger sleeps on the seat passen- 
ger so that the interval between the passenger and the 45 
antenna electrode 4 became narrow more than neces- 
sary. Thus, it is possible to stop the expanding operation 
of the air bag apparatus or the side air bag apparatus. If 
the structure is applied to the embodiment illustrated in 
the Fig. 22 or Fig. 24 which a plurality of antenna elec- so 
trodes are arranged in the seat 1, the detection 
becomes possible in relation to the situation of the pas- 
senger, in addition to the existence or non-existence of 
the passenger and the distinguishing of the passenger. 
[0168] It should be noted that the present invention is ss 
not limited to the above embodiments. For example, the 
antenna electrode may be arranged at the back sup- 
porting section of the seat, and the number of antenna 



625 A2 




electrodes in the seat may be suitably increased or 
decreased. The antenna electrode may have a rectan- 
gular, band, ring and spiral shape in addition to a poly- 
gon and the antenna electrode section which is 
arranged in the base member may be covered with the 
insulating cover member. 

[0169] Also, the oscillating circuit is not limited to the 
quadrature oscillating circuit or the Wten bridge oscillat- 
ing circuit, and may be a circuit for generating a sine 
wave alternate current signal such as the high fre- 
quency low voltage signal. Also, the output frequency 
may be set to a value other than 120 KHz and the volt- 
age may be possible to set to a voltage other than 5Vp- 
p, e.g., 3 to 20 V. 

[0170] Also, the attachment state, the warning light of 
the seat belt and so on may be controlled in accordance 
with the determination result of the control circuit in 
place of the air bag apparatus. Moreover, as to a pas- 
senger determination, in addition to the comparison of 
the threshold values previously stored in the control cir- 
cuit and the signal data which relate to the currents 
which flow through the actual antenna electrodes, the 
determination of whether the existence or non-exist- 
ence of the passenger and whether the passenger is an 
adult may be performed by previously storing a data 
relating to all kinds of existence or non-existence pat- 
terns, the passenger attribute on the seat and so on and 
by comparing the stored data and the signal data. 
[01 71 ] It should be noted that the above embodiments 
may be applied together, as long as discrepancy does 
not occurs. 

[0172] As mentioned above, according to the present 
invention, the electric current flows into the antenna 
electrode which is opposite to the body portions of the 
passenger such as the head, the neck, the shoulder, the 
back of the passenger which is present on the seat, 
depending upon the difference of the contact area (the 
opposing area) of the body portion of the passenger 
and the seat. Therefore, each signal data is normalized 
in accordance with the maximum one of the signal data 
relating to each electric current. The summation of 
these normalized data is compared with the threshold 
value, so that it is possible to accurately determine 
whether the passenger is an adult or a child. 
[0173] Also, each signal data which is taken in by the 
control circuit is normalized in accordance with the max- 
imum signal data of the signal data, and the gravity of 
the data is calculated by use of these normalized data. 
The gravity is compared with the other threshold value, 
so that it is possible to accurately determine whether the 
passenger is an adult or a child. 
[01 74] If whether the passenger is an adult or a child 
is determined in accordance with whether or not the 
summation ST of the normalized data and the gravity P 
of the data respectively satisfy the relations of ST > TH1 
and P < TH2, the determination precision can be more 
improved. 

[0175] Moreover, the signal data are taken in by the 
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control circuit from the interface circuit and are normal- 
ized in accordance with the maximum signal data out of 
the signal data. Therefore, the determination precision 
is not influenced by the change of the absolute value of 
the output signal due to the wear coating, the figure of 5 
the passenger and so on. so that the reliability of the 
determination can be more improved. Therefore, the air 
bag of the air bag apparatus is possible to surely set to 
either of the expansion allowable state or the expansion 
inhibited state in accordance with the accurate passen- 10 
ger determination, and undesired expansion of the air 
bag can be prevented. 

[0176] As above mentioned, according to the present 
invention, because the half wave rectifying circuit of the 
current detecting circuit is composed of one operational is 
amplifier, the circuit structure can be simplified more 
remarkable than the full wave rectifying circuit, so that 
the cost can be reduced largely. 
[0177] Also, because a diode is not used for the half 
wave rectifying circuit at all. unlike the full wave rectify- 20 
ing circuit, the change of the ambient temperature never 
changes the direct current output of the current detect- 
ing circuit. Therefore, the precision of the determination 
relating to the existence or non-existence of the passen- 
ger in the control circuit is possible to be improved, in 2s 
addition to the reliability. 

[01 78] Especially, because the existence or non-exist- 
ence of the passenger is determined in accordance with 
the signal data from the current detecting circuit which 
are taken in by the control circuit, a lot of signal data can 30 
be taken in the control circuit, if a plurality of antenna 
electrodes are arranged in the seat. It is possible to 
improve the determination precision in the control circuit 
improves and the passenger detection with the higher 
reliability. 35 
[01 79] Moreover, because the existence or non-exist- 
ence of the passenger on the seat and so on are deter- 
mined in accordance with the signal data relating to the 
direct current output from the AC-DC converting circuit 
in the control circuit, and the determination result is ao 
transmitted to the air bag apparatus through the com- 
munication means, the air bag apparatus can be appro- 
priately controlled according to the existence or non- 
existence of the passenger. 

45 

Claims 

1 . A passenger detecting system comprising: 

an antenna electrode (4a to 4f) provided in a so 
seat to be occupied by a passenger; 
a signal generating circuit (11) generating and 
supplying a supply signal to said antenna elec- 
trode through a resistance (115) such that an 
electric field is generated around said antenna ss 
electrode; 

a detecting circuit (15) having said resistance, 
and detecting a direct current data signal from 



a line voltage associated with a voltage drop by 
said resistance, wherein said One voltage 
changes depending upon an object on said 
seat; and 

a control circuit (20) determining from said 
detected direct current data signal, whether or 
not a passenger is present on said seat and 
whether said passenger is an adult or a child. 

2. A passenger detecting system according to claim 1 , 
further comprising an amplitude control circuit (12) 
detecting an amplitude of said supply signal and 
adjusting the amplitude to a predetermined value 
based on the detected amplitude. 

3. A passenger detecting system according to claim 1 , 
wherein said supply signal is an alternate current 
signal having a frequency of about 120 KHz and a 
voltage in a range of 5 to 12 V. 

4. A passenger detecting system according to any of 
claims 1 to 3, wherein said detecting circuit includes 
a converter converting said line voltage of alternate 
current into a direct current signal. 

5. A passenger detecting system according to daim 4, 
wherein said detecting circuit further includes an 
impedance converting circuit provided between 
said resistor and said converter and having a high 
impedance on an input side and a low impedance 
on an output side. 

6. A passenger detecting system according to any of 
claims 1 to 3, wherein said detecting circuit 
includes: 

a rectifier rectifying said line voltage of alter- 
nate current into a direct current signal in full 
wave; and 

a smoothing circuit producing said direct cur- 
rent data signal from said direct current signal. 

7. A passenger detecting system according to any of 
claims 1 to 3, wherein said detecting circuit 
includes: 

a rectifier rectifying said line voltage of alter- 
nate current into a direct current signal in half 
wave; and 

a smoothing circuit producing said direct cur- 
rent data signal from said direct current signal. 

8. A passenger detecting system according to claim 7, 
wherein said rectifier includes an operation ampli- 
fier having an inversion terminal connected to a 
predetermined voltage and a non-inversion termi- 
nal connected to said line voltage. 
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9. A passenger detecting system according to any of 
claims 1 to 8. further comprising a buffer circuit pro- 
vided between said resistance and said antenna 
electrode and having a high impedance on an input 
side and a low impedance on an output side. 5 

10. A passenger detecting system according to any of 
claims 1 to 9, wherein said signal generating circuit 
supplies said supply signal of a direct current, 

10 

said detecting circuit includes a switching ele- 
ment connected between said resistance and a 
ground level and switching between an on state 
and an off state in response to a control signal 
from said control signal such that a pulse signal 15 
is supplied to said antenna electrode. 

11. A passenger detecting system according to any of 
claims 1 to 10, further comprising: 

20 

a plurality of said antenna electrodes; and 
a switching circuit provided between said 
resistance and said plurality of antenna elec- 
trodes, and selectively supplying said supply 
signal to one of said plurality of antenna eiec- 25 
trodes in response to a switching control signal 
from said control circuit. 

12. A passenger detecting system according to any of 
claims 1 to 10, further comprising: 30 

a plurality of said antenna electrodes; 
a plurality of circuit sets respectively provided 
for said plurality of antenna electrodes, each of 
said circuit sets including said signal generat- 35 
ing circuit and said detecting circuit; and 
a switching circuit provided between said con- 
trol circuit and said plurality of circuit sets, and 
selectively supplying said control signal to one 
of said plurality of circuit sets in response to a 40 
switching control signal from said control cir- 
cuit. 

13. A passenger detecting system according to claim 

1 1 , wherein said control circuit: as 

produces signal data from said detected direct 
current data signals corresponding to said plu- 
rality of antenna electrodes, 
calculates a summation of said signal data, and so 
determines based on said summation of said 
signal data, whether or not said passenger is 
present on said seat. 

14. A passenger detecting system according to claim ss 
1 1 , wherein said control circuit: 

produces signal data from said detected direct 




current data signals corresponding to said plu- 
rality of antenna electrodes, 
calculates a summation of said signal data, 
determines based on said summation of said 
signal data, whether or not said passenger is 
present on said seat, 

normalizes each of said signal data based on a 
maximum one of said signal data, 
calculates a summation of said normalized sig- 
nal data, and 

determines based on said summation of said 
normalized signal data, whether said passen- 
ger is the adult or the child. 

15. A passenger detecting system according to claim 
14, wherein said control circuit further calculates a 
gravity of said normalized signal data, and deter- 
mines based on said summation of said normalized 
signal data and said calculated gravity, whether 
said passenger is the adult or the child. 

16. An air bag apparatus comprising: 

a passenger detecting system according to any 
one of claims 1 to 15; and 

an air bag control system, and 
wherein said air bag control system is con- 
nected to said control circuit and sets an air 
bag to either of an expansion allowed state and 
an expansion inhibited state based on the 
determination result by said control circuit. 



22 



EP 0 976 625 A2 



F i g. 1 A PRIOR ART 




GS 



rrr rrr 



23 



EP 0 976 625 A2 



F i g. 1 B PRIOR ART 




GS 



SD 



TtT T7T 



24 



EP 0 976 625 A2 



F i g. 2A 




Fig. 2B 



OB 




EP 0 976 625 A2 



Fig. 3A 








— s 




1 
1 




1 1 
1 1 













3 
2 



\ 
i 

ib 



Fig. 3B 



1b- 



1a> 



1 



1 












r 

r 




r 

V_"_V_V_V_V_V_~_ r 





7 — V 



7 T 



26 



EP 0 976 625 A2 



Fig. 4A 




Fig. 4B 



4a 4b 4c 4d 4e 4f 




6a 6b 6c 6d 6e 6f 



27 



EP 0 976 625 A2 




28 



EP 0 976 625 A2 



F i g. 6 




29 



EP 0 976 625 A2 



7 A 



Fig. 7B 



(4a) 
.(4b) 
(4c) 
(4d) 
(4e) 
•<4f) 



*1 

u 

t5 
*6 



2 4(/iA) 
OUTPUT SIGNAL tn 



F i g. 7C 



T 6 



—i 1 1 1 1 1 1 r 

0 0. 5 



1.0 



Tn = tn / tn 



max 



Fig. 7D 



*2ZL 



*3 



^ — i — i — i — i — i — ~i — i — i — i — r 

0 0.5 1.0 



Tn = tn / tn 



max 



30 




F i g. 8B 



5 10 (a* A) 

OUTPUT SIGNAL tn 



Fig. 8C 



U 
T 6 



1 



t r 



0.5 

Tn = tn / tn 



max 



1.0 



31 




EP 0 976 625 A2 



F i g. 9 



S2> 



S4> 



S5< 



S6« 



( START ^) 







INITIALIZE I 






INITIAL DIAGNOSIS | 










< ENGINE START 



Y 






SIGNAL RECEPTION 








| JUDGE PASSENGER 








SRS COMMUNICATION 




I 



32 



EP 0 976 625 A2 



Fig. 10 



<3 



INITIAL DIAGNOSIS 



SA1 



SA2- 



SA3 









30 


TRANSMIT FIXED DATA 


' 










DATA RECEPTION 












BOTH DATA 
COINCIDENT? 



N 



c 



RET 



F/S PROCESS 



33 




EP 0 976 625 A2 



Fig. 11 



SB1 



SB2- 



SB3 



SIGNAL RECEPTION 




ALL ELECTRODES 
SELECTED? 



SELECT ONE OR MORE OF 
ANTENNA ELECTRODES 






READ SIGN/ 
EACH ANTENNj 


\L DATA OF 
\ ELECTRODE 



N 



c 



RET 



34 



EP 0 976 625 A2 



Fig. 12 



c 



JUDGE PASSENGER 



SCI 



SC2 









CALCULATE SUMMATION S 
OF DATA FOR ALL CHANNELS 







S > TH e 



SC3- 



SC4- 



SC5> 



SC6 



Y 




NORMAL 1 ZAT 
(Tn = tn / 


ON OF DATA 

max ) 






CALCULATE SUMMATION Sr 
OF NORMALIZED DATA Tn 






CALCULATE GRAVITY P 
OF NORMALIZED DATA 








S T > TH, 
OR 
P < TH 2 



N 



SC7« 




SC8 



ADULT 



SCIO. 



SC9 



CHILD 



EMPTY 



SET ON 
DATA TO SRS 



c 



SET OFF 
DATA TO SRS 



•SC1 1 



RET 



35 




36 



EP 0 976 625 A2 



Fig. 14 



Vcc 

0 11A 



19a~<?- 

l 
I 

23-1 



19b-^>- 



5: 



Aa 



n 



24 



r— '— -i 



rr 



5 



Ab 



CD- 



1 1 A 



19f — <>" 



"i5 



Af 



23 24 



18a 
18b 



T , 
20 « 




Vcc 



T 

21 



37 



EP 0 976 625 A2 



Fig. 1 5A 



1a 4b 










i 


rr 


1 1 

1 • 







■3 
2 



i 
t 

10 



Fig. 1 5B 



4a' 




38 



EP 0 976 625 A2 



Fig. 16 



10 




39 




EP 0 976 625 A2 



Fig. 1 7A 



1 P 1b 




Fig. 1 7 B 




40 



EP 0 976 625 A2 



Fig. 18 



16 15 17 

' - - __ _ _ * / 




41 



Fig. 1 9A 



Fig. 1 9B 



Fig. 1 9C 



EP 0 976 625 A2 




Fig. 20 




43 



EP 0 976 625 A2 



Fig. 2 1 A 



Fig. 2 1 b oFjEirni 



Fig. 2 1 C 




F i g. 2 1 D ot 



EMPTY 
PRESENT 



44 



EP 0 976 625 A2 



Fig. 22 




45 




EP 0 976 625 A2 



Fig. 23A 




Fig. 23B 




Fig. 23C 

— f I 

Vdi Vd2 



46 




47 



EP 0 976 625 A2 



Fig. 25 




48 



